


NICKEL AIDS THE AUTOMOTIVE INDUSTRY 


ro KEEP ЕМ ROLUINGL 


Using ingenuity and “know-how” born 
of long experience, automotive engi- 
neers designed the phenomenally suc- 
cessful transport equipment that now 
speeds the United Nations on the road 
to Victory. 


Built to take punishment far above 
peacetime requirements, these spe- 
cialized military vehicles are being 
produced in quantity by the mass- 
production methods that have amazed 
the world. From North Africa to the 
South Pacific, these trucks, jeeps, tanks 
and half-tracks have repeatedly met 
wartime demands for stepped-up per- 
formance. 


This kind of engineering-thinking 


pioneered the application of Nickel 
alloyed materials. Now, when uninter- 
rupted operation is so vitally impor- 
tant, the continued and widespread use 
of Nickel is clear evidence of its many 
advantages. 


In steering knuckles or differentials, 
in forged gears or cast blocks, a little 
Nickel goes a long way to provide es- 
sential dependability. It improves 
strength/weight ratios, increases wear 
and corrosion resistance, imparts tough- 
ness, and assures uniform properties of 
the other metals with which it is com- 
bined. 


Today, maintenance crews on far-off 
battle fronts are learning what metal- 


lurgists and engineers here long have 
known...that, properly used, Nickel 
aids to “keep ’em rolling.” 


For years the technical staffs of In- 
ternational Nickel have been privileged 
to cooperate with automotive engineers 
and production men...men whose 
work is now so necessary to the Nation. 
Counsel, and printed data —_ 
about the selection, fabri- d " prico] 
cationandheattreatment | 
of ferrous and non-ferrous 
metals is available upon 
request. 


* Nickel * 


For lists of current publications, please address Technical Library Service 


THE INTERNATIONAL NICKEL COMPANY, INC., 57 wall St., New York, N.Y. 
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Transmitting Signals During 
A Test Flight 


Ground crews can now obtain an 
accurate picture of what is happening 
lo every part of an airplane engaged 
ina flight. In fact, so many readings 
сап be transmitted in one second 
from the plane, that without the radio 
fight recorder, described on pages 
395 to 399, the plane would not be 
large enough to carry all the observers 
Tequired. By means of two-way com- 
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Subscribers may encounter delay in receiving their copies of Product 


Engineering. 


Such delay is caused by wartime strain on transpor- 


tation and postal systems, a situation beyond the Publisher’s control. 


munication, the pilot can be advised 
of a flaw developing long before there 
is visible evidence of that fact. 


Planned Records Aid 
Production 


Scheduling and planning produc- 
tion to meet specific release dates is 
often difficult, particularly when de- 
sign changes are frequent. Faced 
with this problem, North American 
engineers have devised a system of 


engineering planning and scheduling 
which has proved of value in main- 
taining control of engineering rec- 
ords and assigning engineering man- 
power. The system is described by 
Paul Sheets on pages 400 to 405. 
Typical forms are shown and exam- 
ples of their use are given. 


Square Tubing 


Tubular structures are generally 
built up of round tubing. Square tub- 
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ing, however, has a number of ad- 
vantages that are worth considering, 
particularly since it is available in 
standard sizes at only slightly greater 
cost than round tubing. National 
Cylinder Gas Company has recognized 
these advantages and used them in 
designing its complete line of flame- 
cutting machines. Features of the 
designs are described on page 418. 


explained in the article by H. W. 
Hamm on page 422, must exist be- 
tween the viscosity of the oil, the 
unit bearing pressure, and the revolu- 
tions per minute. Oil temperature 
must be maintained below that at 
which the oil deteriorates. On pages 
464 to 466 are given formulas that 
provide background material for a 
clear picture of this design theory. 


Drawn Cylindrical Shapes 


Plastic Tubing for Industry Ot Alumina Afara 


The most significant developments 
in plastic tubing are its production in 
continuous lengths by extrusion mold- 
ing, refinements in the basic mate- 
rials, and improved molding tech- 
nique, which make possible close tol- 
erances in wall thicknesses and diam- 
eters. Page 438 begins a discussion 
of various thermoplastic materials 
used for tubing, highlighting the prin- 
cipal characteristics of each as they 
affect the use of that material for 
tubing for various services. 


To supplement the comparatively 
scarce data on the drawing character- 
istics of aluminum alloys used in air- 
craft construction, T. H. Hazlett, 
Lockheed Aircraft Corporation, sum- 
marizes in his article “Drawn Cylin- 
drical Shapes of Various Aluminum 
Alloys,” page 425, some much needed 
information regarding the limiting ra- 
tio of cylinder radius to blank radius 
when forming flat bottom and hemis- 
pherical bottom cups. The test de- 
scribed also indicate the relative 


| formability of various aluminum 
Bearing Design Fw 
By Hydro-Dynamic Theory | 
By permitting a few deviations Magnesium—IIl 


Some of the more specialized prop- 
erties of magnesium alloys are con- 
sidered in this month’s installment of 
American Magnesium Corporation’s 


from accepted practice, time-consum- 
ing calculations are avoided in bear- 
ing design by use of hydro-dynamic 
theory. A definite relationship, as 


| WHAT'S COMING 


Detroit Delivers the Guns 


Automotive and Ordnance engineers have redesigned many of the component 
parts on anti-aircraft cannon and machine guns, using automotive techniques 
such as stamping, welding, powder pressing, casting to replace time-consuming 
machining operations. Manpower is saved, and critical materials are made 
available for other applications. A forthcoming article will show how these 
techniques made possible high production of anti-aircraft and machine gun 
ordnance. 


Die Forgings 


Die forgings—their specification, selection and design—will be described in 
a two-part article by Charles L. Tutt, Jr., Princeton University, and former 
Buick chassis engineer, beginning in August. The article will cover die forg- 
ings produced by hammering, upsetting, and pressing; special forging ma- 
chines; problems of the manufacturer of die forgings in relation to development 
of satisfactory and economically designed parts; effects of recent developments 
in forging machines and dies in maintaining the position of or expanding the 
field for die forgings. 


Unground Bearings in Aircraft Design 


Production was speeded up, and a bottleneck eliminated in the aircraft 
industry by substituting unground bearings for the customary Series I and II 
ground bearings. Walter H. Korff, Senior Design Engineer, Critical Material 
Group, Lockheed Aircraft Corporation, will summarize:the difference between 
the two types of bearings and will show how the unground bearings have reduced 
costs of the finished parts. 








story of magnesium as an engineering 
material. Opening with a consider. 
ation of shear and torsional proper. 
ties, considerable space is given to 
damping and vibration properties, ef. 
fects of high and low temperature. and 
properties of interest to electrical en. 
gineers. The article starts on page 430, 


Electrical Analyzer 


An electrical device, which resem. 
bles the control panel of an electric 
power generating station, has been 
developed for the rapid and accurate 
analysis of the following typical heat 
transfer problems: heat loss in steam 
pipe insulation, cooling rate in are 
welding, heat absorption in building 
walls and thermal study of brakes, 

Theory of the electric analyzer and 
its application to commercial prob. 
lems are described on page 442. 


Conveyor Systems—1I 


A group of conveying mechanisms 
adapted to high-speed production ma- 
chinery has been collected from pat- 
ent records to illustrate and suggest 
possibilities in related applications. 
The first part of this group were il. 
lustrated in May Propuct ENGINEER- 
ING, pages 298 and 299. The remain- 
ing part is in this issue, pages 436 
and 437. These, of course, show only 
a few of the conveyor systems in use. 
Many variations are also in use and 
still other variations may be suggested 
by consideration of the types shown 
and the problems involved. 


Selecting Lubricants 


As an aid in counteracting poten- 
tial mechanical difficulties in opera 
tion, it is important that engineers 
carefully study the factors affecting 
lubricant performance. Viscosity in- 
dices are helpful in determining tem- 
perature variance of oils. Oils have 
been developed for use where bear 
ings operate at high unit pressures. 
Properties and applications of indus 
trial oils are described on pages 447 
to 450. 


Higher Degree Equations 


Solution of higher degree equations 
by an approach known as recurrent 
methods is described by W. A. Doug 
las, II, in the article on pages 4l 
and 452. One of the two examples 
illustrating application of the method 
is not algebraic, but involves trig 
functions. Speed in the use of the 
method does not depend upon the 
calculator's experienced judgment or 
skill in selecting hit-or-miss trial 
values. 
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Flashed to earth by radio, the stream of reactions are picked up by the ground unit and recorded on paper tape, sound 
film and wax disks. The graphic record enables engineers to watch what is happening in a plane on a test flight. Flight 
maneuvers are directed through a microphone. H. M. Ingalls, inventor of the device, is shown in the center 


New Flight Testing Apparatus 


Radios Precise Plane Data 


Transmission of 100 different instrument readings per sec- 
ond from an airplane in flight to ground receivers is 
accomplished through an instrument developed by the Con- 
solidated-Vultee Aircraft Corporation. On the ground, the 
transmitted signals are recorded on disk asd film for 
analysis. Part I describes the equipment and its use; Part II 
includes calibration of instruments, and the conversion of 
transmitted signals into actual readings. 


July, 1943 


EVELOPMENT of a testing 
device for transmitting 100 


different instrument readings 
per second, from an airplane in flight 
to the ground, is destined to slash the 
number of hours of testing necessary 
to obtain performance data on new 
type airplanes and engines. 
The system is designed for the com- 
plete investigation of test flight 
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through the simultaneous measure- 
ment of multiple factors. Radio rec- 
ording permits instruments to be in- 
stantly charted on the ground. Perma. 
nent data is made available for later 
analyses. A definite advantage is that 
during a flight the pilot can be ad- 
vised of existing conditions by the 
ground crew. 

A prime advantage is the instant 
solution of what caused a test plane 
to crash. Concrete steps can be taken 
to eliminate repetition. Previous test- 
ing methods have been defeated in the 
unexplained crash of a plane under 
study. Remedies have been debatable 
unless the cause of the mishap was 
obvious. 

Because of the close interrelation 
of many factors in the operation of an 
airplane and other comprehensive ma- 
chines, it is not enough to take only 
readings of a few “critical” measure- 
ments during tests. The explanation 
of a failure or deficiency might lie in 
the behavior of some other immeas- 
ured factor, ignorance of which would 
lead to wrong conclusions. 

A complete test for determining the 
performance of a modern airplane or 
engine requires the simultaneous 
measurement of 50 different factors. 
Usually more than 100 simultaneous 
readings would be required to tell 
completely what is happening during 
the test flight of the plane. These 
would include observations of the 
regular flight instruments, numerous 
engine temperature readings, mani- 
fold pressure, Pitot tube static pres- 
sure, pressures on control surfaces, 
atmospheric conditions, rate of fuel 
flow, vibrations, readings of throttle, 
flap and control positions, and nu- 
merous strain gage readings. 

Manual recording of necessary 
flight factors has proved unsatisfac- 
tory. A tangible solution is provided 
in the new testing equipment operat- 
ing on electronic principles, designed, 
built and put into use by Harvey D. 
Giffen of Consolidated-Vultee Aircraft 
Corporation. 

Actual flight operations of the 
equipment have been limited, but in 
flight tests made under U. S. Army 
supervision, instrument readings from 
the Radio Recorder conformed with 
those observed in the airplane. 


Radio Transmission 


The equipment is capable of record- 
ing 100 different instrument readings 
per second while the plane is in flight, 
and these are transmitted by radio to 
a receiver on the ground where they 
are recorded on a disk or film strip. 

Space requirements in many air- 
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Sound records run through this automatic analyzer 
appear as individual graphic charts or pictures 0 
the reactions reported by each individual instrume 
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Circuit Diagram 


Fig. 1—Bulb for temperature pickup. 
Method of connecting into bridge 
is shown in the circuit diagram 


Fig. 2—Standard type wire wound strain gage 


/ 4 
Potentiometer 


~ 
"2 Multipliers 


Fig. 3—Leverage systems operating a poten- 
tiometer, provide the angular measurement 


-To diaphragm, 
bourdon tube 
or other linear 
movement 


Fig. 4—Reactance bridge coil 
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planes prevent the use of recorders of 
sufficient capacity to handle the re- 
quired number of pickups. By trans- 
mitting the readings to the ground, 
the only equipment required in the 
airplane is the pickups, the scanning 
switch which weighs 12 1b., and occu- 
pies approximately 34 cu. ft., and the 
converter unit which weighs 15 lb., 
and occupies about 1 cu. ft. 

Ground recordings can be flashed 
back to the plane, a definite advantage 
in keeping the pilot advised of exist- 
ing conditions during the entire flight. 


Principles of Operation 


An a.c. bridge circuit is the basis 
of the operation of the Vultee Radio 
Recorder. Each testing instrument, 
directly or indirectly, forms two arms 
of an a.c. bridge circuit. Thus, spe- 
cially designed resistance type ther- 
mometers may serve directly as the 
two arms of the bridge for the meas- 
urement of temperature. 

For measuring strains, standard 
type resistance wire strain gages, with 
their leads, form the two arms of the 
bridge. Positions of controls or con- 
trol surfaces are measured by suitable 
leverage systems that operate a po- 
tentiometer in the a.c. bridge circuit. 

Standard diaphragm gages are used 
to measure pressure, the movement of 
the diaphragm causing a small arma- 
ture to move lineally between two coils 
which form two arms of a reactance 
bridge. This last method is also used 
for measuring appreciable deflections 
such as of a spring in a push-pull 
flight control rod, Fig. 5, the move- 
ment of an instrument element, and 
similar deflections. 

In every case, each pickup and its 
leads form two arms of the bridge 
and these two arms are connected by 
a switch to the other two arms of the 
bridge which are, as shown diagram- 
matically in Fig. 6, built into a con- 
verter. An a.c. generator energizes 
the circuit. The terminals for all the 
pickup circuits are connected to a 
scanning switch which is a rotating 
switch arm that successively contacts 
the switch points for all the pickup 
circuits. 

The pickup changes the amplitude 
of the a.c. bridge circuit. Referring 
to Fig. 7, this is amplified further at 
E, rectified at F to produce a large 
d.c. amplitude change in proportion 
to the small change in amplitude 
created by the pickup in the a.c. bridge 
circuit. This large d.c. amplitude 
change F is fed into the control grids 
of a pair of reactance tubes which act 
as part of the capacity and inductance 
of an oscillator circuit which varies 
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in frequency between 4,000,500 cycle- 
per second and 4,005,500 c.ps. in 
accordance with the amplitude of F, 
giving a frequency modulaiton G as 
shown. 

This varying frequency beats against 
the fixed frequency of oscillator K 
which causes a beat note J between 
500 cycles and 5,500 cycles. The 
audio signal J is then fed to the micro- 
phone line of the airplane transmitter. 


recorded on paper charts, the chart 
width and accuracy depending on the 
speed of the scanning switch in the 
airplane. 

In power plant studies, where read- 
ings taken at the rate of one instru- 
ment per second are satisfactory, di- 
rect paper charts of 6 in. width can be 
made as the signals come in by using 
a standard commercial graphic pen 
and paper recorder. 


recorded on both disk and film. These 
recordings may be made either simul. 
taneously or the film can be re-re. 
corded from the disk. 

Decoding of the recorded signals on 
the film, Fig. 8, and identification and 
plotting of the readings of each pickup 
on a separate chart are accomplished 
automatically by the Vultee Radio 
Recorder Analyzer. This consists of 
projecting each image of each instru- 








ment signal through an optical scan- 
ning device which determines the 
frequency of the recorded signal, and 
then plots the related amplitude on a 
pen and ink chart. 

In addition to converting the fre. 
quencies to their corresponding ampli- 
tudes, the analyzer moves the correct 

Proposed Pickups į chart for each pickup into the proper 
[ m recording position when the film 

Angle of pitch image of that pickup is moved into the 

decoding system. The changes in the 


Angle of attack . И 
Angle of уам stimulus for each pickup are thereby 


In strain studies, such as load dis- 
tributions during maneuvers of the 
airplane, readings may be made at a 
rate of 100 per second with signals 


Thus, the pick readings are con- 
verted into audio frequency modula- 
tions which are transmitted by the 
existing radio transmission equipment 








Table I—Present and Proposed Uses of the Recorder 











Present Pickups 

















Air or gas temperatures 
Air or gas pressures 
Pressure differentials 
Suction 


Strain gages 
Altimeter 

Air speed 
Manifold pressure 










Tachometers Exhaust gas temperature Angle of airflow plotted on a separate chart. About 
Fuel flow Control surface positions Ground speed-wheels three seconds are required per indi. 
Acceleration Control cable or rod loads Hydraulic pressures cation to accomplish this automatic 






Hydraulic valve positions 
Vibration 


Liquid pressures Position— flaps. throttle, etc. 


Liquid temperatures 


decoding and plotting. 

An intervalometer is used in con. 
nection with the recorders whenever 
it is desirable to record instrument 
readings at definite time intervals. In 
climb studies, one set of reading: 
could be made every 30 seconds, or 
any other desired time. The inter. 
valometer is controlled by cams and 
selector switches and is constructed 
to start and stop the recorders, and to 
withhold the signal until proper 
recording speed is reached, It is also 
equipped with an override button for 
continuous recording when desired. 

The Vultee Radio Recorder is ex- 
tremely flexible in its operation. All 










































Б E leads from the pickups are brought in c 
i pr асв а. іп to a terminal board at the scanning acce 
switch where any desired continuity аг 
Fig. 5—Push pull flight control rod used on the Flight Recorder. can be set up. An example of this is This 
acce 
addi 
on the plane, or an auxiliary trans- same 
mitter on any band suitable for voice prov. 
communication. The range of opera- choo 
tion between the test plane in flight ов; 
and the ground receiving set is ap- pick 
proximately 100 mi. у Su 
Because the measurements are re- 7o bridge tee t 
corded in terms of audio frequency instruments mem 
modulation, the results are not affected flight 
by fading of the radio signal, inter- proxi 
ference from static, or by amplitude antic 
variations in the radio carrier. = magr 
The transmitted signals are picked à in., 
up at the ground station and recorded. Matched precision sq. i 
Use of a disk recorder provides a resistors 6,000 
master record as a safety measure in Pre 
case of failure of any of the other labor 
instantaneous recorders, or of the this 
decoding apparatus. The signals can rever 
also be decoded electronically and Fig. 6—Bridge circuit. Each pickup and its leads form two arms of a bridge recor 
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Fig. 7—(Above) Schematic wiring diagram 
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Fig. 8—(Below) Recorded signal on sound film 
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in dive and pullout studies where 
acceleration plus the added effects of 
air bumps is the important factor. 
This scanning can be set up to read 
acceleration 50 times in a second. in 
addition to 50 other pickups in the 
same second. Or the pilot can be 
provided with a selector switch to 
choose any pickup he desires and 
obtain a continuous record of that 
pickup. 

Such tests have been made at Vul- 
tee to record loads on a structural 
member that had been failing in 
fight. While the average load of ap- 
proximately 7,000 lb. per sq. in., was 
anticipated, the load reversals of a 
magnitude of over 20,000 lb. per sq. 
in, in tension and 30.000 lb. per 
sq. in., in compression at a rate of 
6000 c.p.m. were entirely unexpected. 

Previously, it was impossible in the 


laboratory to reproduce failures in 
this member, but by applying load 
rversals as revealed by the flight 
recorder, laboratory reproductions of 
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flight failures were accomplished. 

The new testing equipment should 
be considered as experimental or pro- 
totype system. Many improvements in 
size, efficiency, and accuracy are an- 
ticipated in production models. Stand- 
ard commercial electronic parts are 
used throughout the system. A stand- 


ard E. M. Berndt Corp. Auricon 16 


mm. sound on film recorder is used. 
The paper chart recorders used are a 
Brush crystal oscillograph Model OBA 
and an Esterline Angus 0-5 M.A. 
Graphic Recorder equipped with a 
quick trip, high speed overdrive chart 
motor. 


All parts of the system carried in 
the airplane have been built to avoid 
errors due to vibration and accelera- 
tion. The equipment with pickups in- 
stalled in an airplane undergoing 
daily flights over a period of a month 
has performed without any failure or 
need for servicing. 

The automatic analyzer saves engi- 
neering time in plotting charts of all 











flight data. 
means for 


The system provides a 
obtaining simultaneous 
flight data which previously have been 
unobtainable due to the rapidly chang- 
ing conditions encountered in flight 
testing. 

The Vultee Radio Recorder repre- 
sents the combination of units well 
known to those conversant with the 
art. The system puts its records in 
such form that the engineer can accu- 
rately interpret them. The disk rec- 
ords, which may contain as many as 


260.000 amplitudes on one disk, af- 
ford a compact and permanent form 
for filing. 

Part II of this article will give de- 
tailed descriptions of the construction 
and operation of the pickup, scanning 
switch and analyzers. 

All possible applications for the 


Vultee Radio Recorder have not been 
explored, but additional types are be- 
ing studied. Types of units currently 
in use and types curently under de- 
velopment are shown in Table I. 
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ILITARY necessity, aircraft 

safety and shop changes ne- 

cessitate constant revisions in 
aircraft designs. Engineering draft- 
ing and its supporting functions must 
be carefully planned and scheduled 
to meet “must” release dates and to 
allow for the many changes that must 
be made to improve aircraft designs. 
As each new contract or change order 
affecting a contract is received by the 
engineering department, it must be 
considered for its effect on each sec- 
tion of the department. Although a 
job may be *'off the board" in suffi 
cient time to meet a release date, it 
may be held up because of lack of 
available manpower within an engi- 
neering supporting group. 

When our organization was small 
and was building only trainers, the 
drafting personnel was well trained. 
Supervising engineers, could easily 
make substantially accurate estimates 
of the number of men required for a 
job and the number available. When 
a new contract was anticipated, the 
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Planned Engineeringhe 


Aid Production: 


chief draftsman would make graphs 
showing a rough estimate of the work 
on hand and the total hours available. 
A curve of the estimated hours showed 
the amount of time anticipated for the 
new contract. This system was satis- 
factory in those days because, if a 
contract required more time than was 
estimated and more men were needed, 
there were always experienced air- 
craft draftsmen looking for work. 
Despite the obvious difficulties of 
establishing an engineering planning 
system the need was considered im- 
portant enough for the company to set 
up a small group of men to work it 


out. The first step in establishing 
this system was to alter the engineer 
ing accounting system so that complete 
records could be maintained on any 
contract. These records were to form 
the basis for further estimating. 

A number of different methods were 
formulated, and the system selected 
consisted of: (1) Breaking the air 
plane down into fifty-five groups; and 
(2) assigning nature-of-work number: 
to show the type of work being done. 
Although this system appeared satis 
factory, it was found that to schedule 
the engineering work satisfactorily i! 
was necessary to separate actua 
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PAUL SHEETS 


North American Aviation, Inc. 


ing drafting time from the rest of the 
sel- time consumed by the draftsmen. 
lete Since each contract created new prob- 
any lems, an estimate required a complete 
rm study of the drafting work involved. 
Other charges such as supervision, 
ere shop contact and miscellaneous 
ted changes could be estimated on a per- 
air- centage basis with sufficient accuracy. 
and 
ers | Present Engineering Account- 
ne, ing System 
15 
lule The method now in use. utilizes 
ji nature-of-work numbers to distinguish 
ual the type of work, such as drafting 
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Difficulties encountered in planning and scheduling engineering 
drafting and its supporting functions have led North American 


Aviation to set up the engineering controls described in this 
article. Mr. Sheets, in charge of engineering planning, explains 
the system, shows how it is used to estimate release dates, to 


schedule and plan production and to maintain necessary control 


and shop contact; a group number to 
show the engineering group doing 
the work; and the drawing number 
for the original drafting nature-of- 
work charges. These were the only 
charges requiring drawing numbers 
because the original drafting is all 
that is scheduled in detail. 

The scheduling of engineering is 
designed around the North American 
part number system, originally based 
upon the Army Air Force's weight 
breakdown. The first two or three 
digits of the part number indicate the 
North American model. Following a 
dash is the basic part number which 
consists of either five or six digits, the 
first three indicating the airplane 
group for which the drawing is made. 
For example, the outer wing assembly 
drawing on the NA-00 is 00-14001. 
The electrical installation drawing is 
00-54001. The main sub-assembly 
drawings on each of the above assem- 
blies have the same basic part num- 
bers on similar models. By this 
method all major components and 
some detail part numbers are known 
in advance. This is of great impor- 
tance in production as the men in the 
factory become accustomed to assem- 
blies by part numbers, and a large 
amount of time is saved which might 
otherwise be expended looking for 
parts. By charging time to drawing 
numbers under the North American 
drawing number system time can be 
easily accumulated by assemblies. 

For authorizing work on a new con- 
tract or research work not affecting a 
change on a model in production, an 
engineering directive is issued. On a 
new contract for a production model 
the directive will list the items that 
differ from a previous contract of the 
same model. It thus conveys contrac- 
tual information to the engineering 
department and constitutes the author- 
ity to code drawings and to assign 
drawing numbers. 


of engineering records that cover both new and revised designs. 


Production changes and investiga- 
tions of contemplated changes are 
authorized by a master change record, 
which is issued by the chief project 
engineer, The changes may be either 
customer-requested or company-origi- 
nated. 

When the Army Air Forces are con- 
sidering a change, they may telegraph 
the company asking that a preliminary 
investigation be conducted and pro- 
posal drawings submitted. For ex- 
ample, on a new armament installa- 
tion, the master change record will be 
issued giving any references, such as 
correspondence, the name of the engi- 
neer responsible for the change, and 
an explanation of the change and the 
proper charge. When the proposal 
drawings are completed, they are sent 
with a revised master change record 
and a change analysis to the change 
control and estimating departments. 
The revised master change record 
shows the estimated hours required 
for the drafting work and the date on 
which the drawings can be released, 
if approval is received within a cer- 
tain allotted time. The proposal draw- 
ings are sent, with a copy of the master 
change record, to the Materiel Center 
of the Army Air Forces. 

When approval of the change is re- 
ceiyed, a new master change record 
is issued, which is the authorization 
to begin work on the production draw- 
ings. The master change record is 
the sole means of identifying the 
change and segregating the time 
charges and all other expenses perti- 
nent to the master change record. All 
correspondence with the Army Air 
Forces and within the factory itself 
is referenced to the master change 
record number. 

The change analysis lists the part 
numbers of all drawings added or 
changed as well as all parts replaced. 
It also gives a general description of 
the change. The change analysis is 


401 












made to give the estimating and 
change control departments enough 
information on the change so that the 
former can estimate the cost of the 


change and the latter can establish a 
change point, 


Preliminary Scheduling 


One of the first steps in planning 
release of production drawings on a 
new contract is to make a preliminary 
schedule. The drawing numbers of 
major assemblies are established. 
With the assistance of the group lead- 
ers and the records of the amount of 
time used on previous similar models. 
time estimates are made of the basic 
drafting time required for the initial 
release of the drawings. The esti- 
mated time for each drafting room 
group is then spread over the time 
available to release date by weeks, 
using a typical curve based on past 
performances adjusted according to 
the length of time available. A budget 
is set up showing the number of men 
required by weeks for each drafting 
room group until the release date. 

As a guide for the proper assign- 
ment of drawing numbers by next 
assemblies, an exploded view chart is 
made which shows the major struc- 
tural breakdown of the airplane, Fig. 
l. The sections of the airplane as 
shown on this chart must arrive com- 





plete on the assembly line at the 
proper time to keep it moving. Cor- 
respondingly, they must be scheduled 


Fig. 1 
are used by the planning department as a guide for 
proper assignment of drawing numbers by assemblies 


Exploded view of complete plane. Such charts 





through the engineering department 
to make the shop production schedule 
possible. This breakdown shows the 
sections of the airplane as they are 
planned for production. Each section 
is built complete, including electrical 
wiring, control cables, and the like. 

Each structural section of the air- 
plane is a unit in itself and has assem- 
bly drawings for each of the system 
parts, such as electrical, hydraulic, 
surface control lines. Since a section 
may include work done by a number 
of groups, the responsibility of caor- 
dinating the work falls on the engi- 
neering planner. 


Engineering Release Date 


The date for which engineering is 
responsible is the date when primary 
releases have been accomplished, 
with specific exceptions, that is, in- 
stallation and other drawings for 
which preliminary information is 
given to the factory and the drawing 
work delayed pending shop develop- 
ment on the first airplane. The release 
date can be determined in two differ- 
ent ways, depending upon the close- 
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ness of the flight date. If the flight 
date is so imminent that the engineer- 
ing department will have to cut all 
the corners possible, the release date 
and the shop production schedule are 
the results of the earliest application 
of sufficient manpower to meet engi- 
neering release requirements. If suffi- 
cient time is allowed so that corners 
do not have to be cut and a reasonable 
flight date is established by the cus- 
tomer, the schedule is started from 
the flight date and worked back 
through the shop and tooling opera- 
tions to the engineering department. 

When a new contract is received, 
the chief engineer usually calls in the 
chief project engineer, project engi- 
neer, planning engineer, electrical 
engineer, and the power plant engi- 
neer. These men are given the re- 
quirements of the new airplane; if it 
is a new contract on an already exist- 
ing model, they are given the changes 
required. А general discussion is 
held during which each engineer can 
state the problems that he will have 
to face in connection with the new 


work, including manpower require- 
ments. The planning engineer is in- 
structed to find out what date can be 
met. In the event the customer has 
asked to have the first airplane by a 
certain date, the planning engineer 
must determine if the date allows 
sufficient time. 


Production Scheduling 


When sufficient information is avail- 
able concerning the construction and 
equipment of the airplane, a drawing 
breakdown chart is made showing the 
major assemblies previously deter 
mined and establishing the major sub- 
assemblies in their proper relation to 
the completed airplane. This chart 
shows the structural parts of the air. 
plane in an exploded view, and in ad- 
dition system parts such as electrical. 
radio and hydraulic. New estimates 
of the required drafting man-hours 
are made of each assembly shown on 
the drawing breakdown chart. These 
are the scheduling units by which the 
planner maintains a follow-up of the 
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work; this is placed on a Gantt Chart, 
which shows the start and finish of 
each unit and the personnel required 
weekly. The time is applied on the 
Gantt Chart in conjunction with the 
basic curve, developed from recorded 
past performances, showing what is 
considered the maximum efficient rate 
that man-hours can be applied to a 
new contract. Using the Gantt Chart 
and continuing his contact with the 
work in progress, the planner has an 
excellent check on the progress in 
relation to the schedule. As with the 
preliminary schedule, these estimates 
cover only the time required for the 
development and release of the draw- 
ings. Time must be added on a per- 
centage basis established from past 
records to cover any time required for 
supervision, shop contact, and changes 
before the final release date. With 
the new estimates the release dates 
set on the major assemblies are 
checked and any necessary adjust- 
ments are made. 

In addition to the assemblies on the 
breakdown chart. release dates are 
established on all parts which will 
require special attention because of 
delivery or manufacturing difficulties, 
including — die-castings, permanent 
mold castings, forgings, molded rub- 
ber purchased parts and parts re- 
quiring special tooling. Raw material, 
because of delivery time, must be 
ordered as early as possible. 

The basic drafting time is separated 
from the shop change time because 
the basic drafting time is dependent 
upon requirements that differ with 
each job. Past performance on simi- 
lar models can be used to a large 
extent, and the estimate is for one 
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airplane only. The basic drafting 
time after the release date includes 
installation drawings and details 
which are essential to build the first 
airplane. Some parts are dependent 
upon shop developments to check the 
design before the production draw- 
ings can be made. Time required for 
shop contact, supervision and the 
many other functions imposed on the 
draftsman, in addition to shop 
changes, is in direct ratio to the basic 
drafting time, with an adjustment 
necessary depending upon the quan- 
tity of airplanes. 

Estimates are set up as a budget 











showing the number of men per week 
in the drafting room on the contract. 
This is done by comparing the num- 
ber of weeks available with the num- 
ber of men available and the rate at 
which men must be used to meet the 
release date or can be taken off for 
other work. 

When a new contract is received on 
a production model, the parts list, 
made for the Army Air Forces, is 
used to plan the work. The parts list 
of the previous contract is marked by 
deleting the drawings not to be used 
and inserting new ones. It is then 
used as a guide and checked off as 
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Fig. 2—Curve, determined empirically from past records, represents total basic draft- 
ing time. The release-date point on this curve varies according to the type of plane 
that is to be built, but is usually in the region of 80 percent of the budget time 
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the drawings are released. The parts 
list is the book in which all parts are 
listed by number in the order in 
which they are assembled. The parts 
called out on a drawing are listed 
below each assembly and indented 
l4 in. This indentation procedure is 
carried through from the major as- 
sembly to the smallest details. As- 
semblies can be picked out imme- 
diately and will have all of the sub- 
assemblies and details indented in the 
order in which they assemble. 

Changes that must be made in air- 
planes of a large contract are a seri- 
ous problem. They must necessarily 
be incorporated without delay in the 
delivery schedule for those airplanes. 
To enable the engineering department 
to prepare and quickly release draw- 
ings and the manufacturing depart- 
ments to schedule their work, the 
changes are grouped at what the 
industry now calls *change points," 
spaced usually about three months 
apart. The Army has originated the 
block system to identify the group of 
airplanes between these change points. 
In this way, the drawings, service 
handbooks, spare parts and other con. 
tractual requirements are identified 
with that block series of airplanes. 

The planner, located adjacent to 
the project engineer, can be of great 
value to the project engineer and 
group leaders by keeping his records 
and information up to date, ready at 
all times to report on progress and 
conditions of the schedule. 


Drawing Release 


The standard form for releasing 
engineering information to the fac- 
tory is the engineering order. This 
form is made up in three colors— 
white for regular release, salmon for 
rush, and yellow for stopping parts. 
These engineering orders list the num- 
bers of all drawings being released, 
the change letter (if the drawing has 
been changed), a designating symbol 
to show if drawings are to accompany 
the engineering order and other. infor- 
mation such as models, airplane 
affected, drawings to be changed, and 
the number of the master change 
record, if affected. The engineering 
order is made in the drafting group, 
approved by the project engineer and 
forwarded with the drawings to the 
release group of engineering plan- 
ning. 

The release group keeps project 
record cards made when the drawing 
number is assigned. This file is the 
central source of information regard- 
ing the release of all productive draw- 
ings and is frequently referred to by 
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the factory. The engineering order 
numbers, release dates and ships 
affected by each next assembly are 
posted on the cards as the drawings 
and engineering orders are released. 
A code number is placed on the draw- 
ings at this point to designate the 
distribution of reproducible trans- 
parents and/or for use by other plants 
and certain large sub-contractors. 

When shop change requests are re- 
ceived, a note is made on the project 
record cards, By referring to these 
cards, the draftsman can make all 
the changes outstanding against each 
drawing prior to a re-release. These 
outstanding changes, in addition to 
being change requests previously re- 
ceived but held for a major change, 
may be engineering orders on released 
parts already in manufacture. 


Master Lines Layout 


The master lines layout section of 
the engineering department lays out 
the lines of any parts requiring a flat 
pattern. Our present system of tem- 
plate reproduction utilizes the X-ray 
method. This system has received 
much attention recently and has been 
widely publicized. 

When a new drawing is started and 
the draftsman takes out a drawing 
number from the number assignment 
clerk, the planner in the master lines 
layout section is notified. If the parts 
require layout work, a loftsman is 
assigned to the job to work parallel 
with the draftsman; thus the layout 
can be finished and the X-ray photo 
template with copies for shop tem- 
plates made almost as soon as the 
drawing is complete. In any case all 
templates required are scheduled for 
completion five days after the release 
of the drawing. 

The master lines planner maintains 
a card file showing a complete record 
of each part through the master lines 
layout section and the type of work 
performed. When a drawing affecting 
this section is in work in the drafting 
room, an advanced sketch or reference 
print is usually obtained from the 
group engineer involved. This infor- 
mation goes to the master lines 
planner, who records it in the card 
file as “advance work” and orders the 
correct type of master. When the 
production drawing is released, the 
planner puts it into work with orders 
to check with the released drawing to 
be sure the engineer has made no 
more changes. This method saves 
days and even weeks between the 
drawing release date and the date of 
completion of the master layout. 
Then, too, many deviations between 
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this drawing and the master layout 
are corrected by returning the refer- 
ence drawing to the engineer marked 
with such changes before the drawing 
is released for production. 

To plan new work each layout, 
requiring a separate piece of mate- 
rial, is assigned a layout number. 
This serves the same purpose as the 
number assigned to a tool; it is neces- 
sary because one drawing may require 
a number of masters, 

When drawing changes affect a 
layout master, a rework order is 
issued, and “in” and “out” dates are 
recorded, together with the layout 
change, on the master file card. 
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Fig. 3—Basic chart showing typical time-spread for wing section of an airplane, for 
an original contract with initial engineering release date set for August 22 

t The labor-load in the master lines 

layout section is handled separately 


d from the remainder of the engineering 
g department. As all the work coming and personnel concerned. When a job There is but one step from completion 
into the master lines layout section is complete, it appears on the progress of drawings and writing of engineer- 
t, clears through the. planner, he coordi- report of the following day and is then ing orders to the blueprint room, that 
e- nates the work, as scheduled by the taken off. The completed date includes is, the planning group. The informa- 
r. project planner, with the manpower the completion of the X-ray photo tion recorded on the project record 
је capacity. The planner records the prints. cards provides an accurate record of 
s- due date on the print before it is The success achieved with the en- all release information on each part. 


e 





given to the layout man. 

A daily progress report is made 
showing the part number, type of 
work, date started, scheduled release 
date and completed date. This report 
shows all work in the layout section 
and is distributed to all departments 
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gineering planning system at North 
American is largely due to close co- 
ordination of several related functions. 
There are, in reality, two divisions 
within the planning group. One sup- 
plies the basis for scheduling, and the 
other does the actual scheduling. 


The timekeepers have the responsibil- 
ity of keeping accurate records of 
time charges so that the budget 
planner can compile the necessary 
statistics. The combined efforts of all 
of these functions provide the neces- 
sary control of engineering production. 
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Vital Materials 


Conserved in 
New Circuit 


Breaker Design 


Two-part contact arm, operating on 
an overcenter toggle mechanism 
and new terminal lug. are out- 
standing characteristics of the new 
design. Number of parts reduced. 


EW TYPE F breaker developed by 
Westinghouse has 117 parts which 
replace 190 parts in the 600 V. a.c. breaker 
which it supersedes. Current carrying ca- 
pacity is twice that of the old 50 amp. 


breaker. The new breaker in the 100 amp. 
rating weighs 6 lb., 3 oz.. compared to 5 
lb.. 6 oz. for the old 50 amp. capacity 
breaker. The 13 oz. increase in weight is 
mostly copper, necessary for 100 amp. 
continuous rating. In comparison with the 


old type 100 amp. frame breaker, which 


weighs 12 lb., 15 oz., the amount of ma- 
terial saved is considerable. 

Comparisons of materials required for 
the two 100 amp. types show these sav- 
ings created by the new design: copper 
new design, 1534 oz. old type, 21 oz.; 
steel—new design, 22% oz., old type, 42 
oz.; molded materials—new design, 5414 
oz. old type, 138% oz. Smaller savings 
are likewise effected in other materials. 
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New breaker was designed to combine many different types and 
eliminate a large number of breaker styles. By combining the power 
panel and industrial breakers into one base instead of two, the 
number of breakers was reduced from 14 to 8, and the number of 
styles from 62 to 40. By combining the 50 and 100 amp. frames into 
one frame, the number of breakers was further reduced from 8 to 
4 and the number of styles from 40 to 32. Thus the new breaker 
reduced the line of breakers from 14 to 4, and the number of 
styles from 62 to 32. This effects a saving in stock, eliminates han- 
dling of 30 styles with commensurate savings in storage space. 
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Tailpiece on contact arm strikes boss, causing contact 
arm forward section to rotate around pivot pin and 
toggle over center, giving Ye" more break between 
stationary contact and moving contact 








Two-part contact arm was designed to maintain overall 


| breaker dimensions and yet assure enough break at the contacts 
| to interrupt a 10,000 amp. current at 600 V. a.c. The contact end 


acts as a "flipper," opening about ?$ in., wider in the open position 
than a straight one-piece contact arm. An overcenter toggle-type 
contact arm was developed to prevent loss of contact pressure. As 
contacts wear away, the pressure increases since the toggle moves 
overcenter further because of the overcenter spring. The breaker 
mechanism is mounted on two small, flat brackets to save space. 
An individual trip is used. Each bimetal releases a latch independ- 
ent of the bimetal next to it. When an overload occurs in one phase, 


and one bimetal releases its latch, all poles or phases trip open. 


Solderless connector consists of a threaded rectangular collar 
A staked to a threaded terminal B. An oval shaped “tang” D is 


riveted to the screw. For front connection, the wire is inserted into 
the rectangular collar and clamped by the oval “tang.” For bus 
connection, the screw is unscrewed from the connector, thus break- 


ing the “tang” loose from the screw. The “tang” and screw are 
removed and the connector strap fastened to the rectangular collar 


| by a 14-20 screw. The bus connection procedure is followed for 


stud connection, except that the stud is placed in the rectangular 
collar and fastened securely in place by a nut and locknut. 
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Plastic Housing Replaces Aluminum 
In Improved Design 


Cellulose acetate butyrate, injection-molded, is 
used as protective housing in the new Thor Uni- 
versal Electric Drill. New drills are fourteen 
percent lighter in weight than previous alumi- 
num model. Former design had housing and 
supporting frame integral; new design has 
metal skeleton frame supporting operating 
parts to insure permanent alignment. 


Retainer ring _-Plastic gear case 
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Spindle Spindle \ у fan Baffle 
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Protection nut. 
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Outer => Frame case 

bearing (shielded, /) cover 
Trigger and 
trigger lock 





Gear case 
cover 


Freld case cover 





Trigger 
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Base plate 








Grip 
handle 





5; tator 
„Stator frame 


Cartridge type 
<“ brush holders 


Е _Armature 
--2Swifch handle screws 
/ 


Plastic handle 


Upper armature 


ye -—---bearing (Shielded, /) 


E '—-Swifch screw 


~ Neoprene sealed! switch 
double pole 


Cable protector 


Conductor cable 


Gear case cover locks against 
metal center-plate, is held in position 
with metal protection nut threaded 
directly to inner metal skeleton frame. 
Field case slides over inner skeleton 
frame, is held in keyed position 
against metal center-plate and locked 
by grip handle which is securely held 
by screws to inner metal frame. Grip 
handle slides over end of skeleton 
frame, is held against field case in 
keyed position and locked directly to 
inner metal frame by screws. 


Tennessee Eastman 
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FORMER DESIGN 


eer 


Single coil was used in original design. Coil was inclosed 
in a rectangular sheet metal case with flat top and bottom. 
Louvres provided ventilation. Air entered through the bot- 
tom louvres, rose vertically as it was heated and flowed out 
through the top louvres, making two right-angle turns in 
doing so. Heavy sheet steel was used to prevent distortion 
when transformer was lifted by eyebolts. 

Side plates slant inwardly at the bottom and top in 
redesigned transformer, louvres are in the slanting surfaces 
of the side plates, so that air enters in a vertical direction, 
passes through the coil ducts and flows out through the 


Top and side plates 
removable 


Side plates slant inwardly, 
air enters louvres in vertical © 
direction 





NEW DESIGN 


top louvres with only slight change in direction. Since the 
case is used only as a protective covering over the coils, it 
is made of light gage stock. The top and side plates of the 
case can be removed readily for inspecting and cleaning. 

Clamping structure and connection to core clamp, shown 
in insert, is of simple welded design; there are two top and 
two bottom supports at each end. Cross braces with wooden 
blocks or porcelain pieces have been eliminated. Instead 
a strap is welded to the core clamp and an insulating chan- 
nel slipped over it. This narrow support minimizes resis- 
tance to air flow. Cable leads are braced to the conductors. 


Redesign of Transformer 
Reduces Resistance To Air Flow 





Bottom clamp also serves: 
as mounting flange 
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Dry-type, natural-draft 600 
volts and below, for indoor use, have been 
reduced in size and weight and the effective- 
ness of ventilation improved by this General 
Electric redesign. Better performance was 


transformers, 


achieved without any increase in man and 
machine hours necessary for manufacturing. 


Two-legged core, with a coil on each leg, is clamped on 
top and bottom. Bottom clamps serve also as mounting feet 
which are drilled so that the transformer can be bolted to a 
flat mounting surface if desired. The top clamps, with double 
vertical members for lifting, are also used with outside upper 
brackets for mounting the transformer on a wall. Coils are 
exposed to obtain maximum cooling. Primary and secondary 
coils are concentric with air ducts between them for cooling 
and serve as extra insulation. By using two small coils instead 
of one large coil, as in the original design, the mean length of 
turn is reduced and for a given copper loss more turns of 
smaller wire can be used. Important design advantages: more 
turns mean smaller cores, lower exciting current, and lower 
inrush currents when the primary coil is energized. 
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Target optical system (above) consists of a light source and con- 

densing lens, a cross-shaped aperture, a concave mirror mounted on the 

end of a 4 in. bore plug, an adjustable mirror mounted above the light 

source, and a mirror and ground glass screen on the main fixture. The 

à а light bulb, lens aperture, and adjustable mirror are contained in the 

О tical Device separate target unit which is mounted approximately 6 ft. in front of 
р the main fixture and facing it. The concave mirror is mounted on a 
bore plug (below). The plug is inserted in the muzzle of the rifle for 


Ch k S о ht е each sighting, its mirror facing the separate target unit. Focal length of 
ec S Ud ing the concave mirror on the plug is such that it focuses the image of the 


cross aperture on the screen to afford accurate sighting. 


Of Garand Rifle 


Sighting of semi-automatic rifles is 
performed by an optical gage, 
developed by General Electric, 
which saves use of ammunition. 
Gage transfers the sight setting 
from a “master” rifle, correctly 
sighted by firing, to rifles subse- 
quently sighted in the equipment. 
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Radio-Frequency Current Welds Thermoplastics 
In New Electronic Sealing Machine 
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Schematic Hook-up oF ELECTRONIC SEALER 
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Sewing machine 
arm of standard 
design 


Rollers between 
which work 
passes 


Sheef sfee/ 
frame 







Heat generated by dielectric loss 
is used to fuse thermoplastics in the 
newly developed R.C.A. electronic 
sealing machine. Radio-frequency cur- 
rent generates heat within material 
passing between roller electrodes. 
This same “radiothermic” principle 
has been applied to case hardening, 
annealing, welding, riveting, laminat- 
ing. Advantages: uniform heat gen- 
eration, maximum heat at center of 
material, no sticking to rollers or 
plates, only slight pressures required. 
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Rectitying tubes Спе, „ев n 4 4 Б 
supplying motor field, rom ве tubes supply armature wi 2с. 


‘Separately mounted power transformer 
mea 


Я 
| 


---Forward 

| up s ; Electronic system consists of a 
ртт single or polyphase grid-controlled, 
thyratron tube rectifier, which takes 
N | Reverse power from an a.c. line and rectifies 
| speed it into d.c. output. The rectified d.c. 
adjustment voltage is applied to a regular shunt. 
wound d.c. motor and can be varied 
from zero to motor-rated voltage or 
above for d.c. armature control. 
Smaller thyratron tubes in the con. 
trol provide rectified d.c. current for 
the motor. The field voltage is held 
constant throughout the range of 
armature voltage and then is reduced 
to provide greater speed range by 
field weakening beyond the base speed 

of the motor. 
Ste less S ed Control Speeds can be preset within the 
p pe design range. With two speed-control 
4 potentiometers and reversing contac- 
Governed Electronically tors, only operation of the forward or 
reverse push button is necessary to 
obtain a predetermined speed. Speed 
adjustment can be made at any time 
while the motor is running. Speed- 


бега? 


EOQ 


-RCR 


о =0 
= 


Control station 


Control circuits 
= 
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Electronic rectifying and control tubes are used in a new control potentiometers are tandem 
Westinghouse drive which features constant preset speed at type to cover the entire range of 
i armature and field adjustment on a 
varying loads over a 20 to 1 speed range, and smooth auto- : : : 
Р : : m : single dial. Adjustment of the po- 
matic acceleration and deceleration. Flexibility of a direct- tentiometer changes the firing point 
current motor drive is possible with alternating-current sup- on the a.c. line voltage wave at which 


the tubes fire, and thereby varies the 


ply. A.c. power is converted by grid-controlled rectifier : 
: у output d.c. voltage as required. 
| tubes, then supplied to armature and field of a d.c motor. Electronic control automatically 
regulates the motor speed to maintain 
essentially constant speed at any set- 
ting, regardless of load. Through other 
control tubes, d.c. voltage output of 
Speed over a 10 to 1 range will not vary more than 4 the main rectifier tubes is controlled 
percent from presetting, with torque varying from no to compensate for speed changes. 


load to full load. It will not vary more than 8 percent 
for any speed within the speed range of 20 to 1. 
Normal variations in a.c. line voltage contribute only a 
slight effect on the regulation of speed. 
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усаа screw formerly machined 
| from solid steel. Now a steel 
T screw is attached to a 
* | die-cast zinc head. 
_ Saving 1680 ib. steel, 
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Iwo machine tools. 
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60,868 man-hrs., 
$ 55,060, 


The Financial Post, Canada 


Zinc and Plastics Replace Aluminum 
And Bronze in Canadian Tank Periscope 


СЕКЕ SHORTAGES in manpower, materials 125.400 lb. of aluminum, 319,100 lb. of bronze, over a 


and machines were met by redesigning this tank miilion man hours and more than a million dollars in 
periscope to utilize die-cast zinc and _plastic-molded costs. The new periscope, in which an arrangement of 
parts instead of aluminum and bronze. Machining mirrors replaces prisms, was designed and developed 
lime was thus reduced to a minimum. On the basis of under the personal supervision of E. W. Bartle, chief 
a year's capacity production, the redesign has saved engineer of Research Enterprises, Limited. 
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WARTIME DESIGN NEWS 


NRPB AXED: 


The National Resources Planning 
Board has become the latest “target 
for tonight” of an economy-minded, 
independent Congress which takes 
periodic delight in proving to itself 
that it can tweak the President's 
whiskers without drawing retaliatory 
lightning and thunder. 

As this issues goes to press, NRPB, 
(Propuct ENGINEERING, May, p. 275) 
headed by the President’s uncle, Fred- 
eric A. Delano, has a fighting chance 
of survival and an equally good chance 
of joining the Civilian Conservation 
Corps, WPA and the $25.000 salary 
ceiling in the 78th Congress’ trashcan. 

The House. in a truculent mood, 
turned the board away penniless when 
it approved the Independent Offices 
Appropriation Bill. Somewhat more 
liberal, the Senate allowed it $200,000, 
but trussed up this pittance with the 
twin provisos that it be spent only for 


Compare this 155-mm. German as- 
sault gun with the Army's M-12 gun 
motor carriage, (Propuct ENGINEER- 
ING, June, p. 345). This weapon ap- 
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"coordination and correlation of plan- 
ning with state governments and politi- 
cal subdivisions," and that it is not to 
be augumented by funds from any 
other source. This latter warning was 
aimed at the President himself, who 
during the fiscal year ended June 30 
dipped into his contingent fund for 
$200.000 extra for the board’s na- 
tional defense activities. 

The board had asked for $1,400,- 
000 for 1944, double this year’s fund. 
In allowing it $200,000, the Senate 
rejected a motion to give it $534,000. 
This bill is now before a conference 
committee. which, if the House re- 
mains adamant, may kill the board 
entirely. 


PLASTICS PLEA: 


You can't save tons of steel with 
pounds of plastics, and the sooner 


designers and manufacturers recog- 
nize and abide by this obvious truth, 


pears to have a higher silhouette and 
more complicated running gear. It 
was abandoned, undamaged, in North 
Africa by the Afrika Korps when it 


the sooner there will be a sufficient 
supply of plastics for all truly plas. 
tics jobs. 

This blunt message has been beamed 
at the industry by James H. Savage, 
plastics consultant for WPB's Con. 
servation Division, who points out that 
no matter how it's sliced, trying to 
make an annual output of 200,000 tons 
of plastics do any kind of a job of 
replacing 90,000,000 tons of steel is 
like trying to stop a run on a financial 
institution by hatcheting open a piggy 
bank. 

With certain types of plastic already 
critical because of substitutions and 
new, logical applications, Savage cited 
several examples of good and bad 
plastics practice. Among the former 
were glazing of aircraft enclosures, 
which reduces weight, broadens vi- 
sion, conserves fuel, increases effective 
aircraft range and battle efficiency; 
and substitution of a molded plastic 





ran out of fuel. Note the spades eX 
tending to the rear of the track to 
absorb recoil. Riveted construction i5 
used in the armored housing. 
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component for a machined aluminum 
component, which not only saves 
aluminum but also conserves man 
and machine hours. Harmful plastics 
practices include substituting a plastic 
tool box for a sheet steel box in 
a tank or truck, thereby using up 
scarce plastics to achieve infinitesimal 
savings in steel and weight; duplicat- 
ing molds known to be in existence 
just to get a contract, thereby wasting 
steel and machine hours, and misap- 
plying plastics to get a contract or 
to meet a metal specification. 

Savage listed four conservation 
measures, as follows: 

]. Refuse to use plastics in any but 
sound applications. 

2. Refuse jobs in which, even 
though plastics would do nearly as 
good a job as some other material, the 
tonnage involved would completely 
disrupt the supply situation. 

3. Refuse to bid on jobs for which 
adequate mold capacity already ex- 
ists. 

4. Persuade customers to return to 
preferred materials in cases where 
plastics are only second-rate substi- 
tutes, 


Signal Corps Lists Needs 


Meanwhile. the industry has a 
standing order from the Army Signal 
Corps for the development of three 
types of plastics. It wants thermo- 
plastics which will retain their char- 
acteristics at high temperatures; ma- 
terials which can be injection-molded 
and still withstand high temperatures, 
and a third plastic capable of retain- 
ing its toughness at temperatures of 
50 deg. or more below zero. 

The Signal Corps is one of the plas- 
tics industry’s first customers, having 
substituted plastics for countless ap- 


plications of rubber, copper. steel and 
silk. One of its major applications is 
in waterproof insulation for the thous- 
ands of miles of wire and cable the 
Corps uses annually. Phenolics are 
used as insulators for radio sets and 
power units, Laminated plastics sepa- 
rate, insulate, support and enclose 
components of numerous types of 
equipment. Some of the attributes 
which render plastics particularly 
good for Signal Corps use are light 
weight, ruggedness, high dielectric 
strength and moisture and corrosion 
resistance. Corps engineers have an 
eye cocked at plastics as one of the 
answers to the problem of designing 
equipment which will be as workable 
in Arctic as in tropical temperatures. 


PATENT REPORT: 


The National Patent Planning Com- 
mission, headed by Dr. Charles F. 
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Signal Corps officers at Fort Mon- 
mouth, New Jersey, “redesigned” a 
pinball machine into an air-raid warn- 
ing system—and have a better system 
for it, at that. Shown here are two 
sergeants and a first lieutenant ex- 
amining the electrical devices which 
made pinball machines tick—relays, 
counters and solenoids among them. 


% 
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Official U. S. Army Photo 
When warnings are broadcast over the 
camp's loudspeaker system, a dial on 
the switchboard is used to cut in se- 


lected groups of speakers. No. 5 cuts 
in all the speakers. Controlling this 
dial are relays salvaged from confis- 
cated pinball machines. The dial re- 
places the cumbersome “patch” sys- 
tem formerly in use. 


~ 





Kettering. vice-president of General 
Motors Corporation, last month sent 
its report on patent legislation to the 
President, who is expected to forward 
it to the Congress. 

Sen. Homer T. Bone, Washington 
Democrat and chairman of the Senate 
Patents Committee, reports small pos- 
sibility of further action by the group 
before fall. At that time, Bone plans 
to introduce a bill aimed at halting 
cartelization, a practice he now re- 
gards as considerably more dangerous 
than the alleged defects in existing 
patent laws which were the subject of 
legislation before the committee dur- 
ing the 77th Congress, The bill will 
be patterned after the proposals of 
Thurman Arnold, former assistant 
U. S. Attorney General in charge of 
the Anti-Trust Division. Arnold's pro- 


posals. aimed at amending the Sher- 
man Act to prevent certain types of 
patent manipulation, were incorpor- 
ated into bill form late last year by 
Sen. Scott Lucas, Illinois Democrat. 
It is very possible that the two bills 
aiming at straight patent law reform 
which were the basis of the commit- 
tee's work in the 77th Congress, 
(Propuct ENciNEERING, Oct. and 
Nov., 1942, pp. 548 and 644, respec- 


tively,) will not be reintroduced. 


RADAR REVEALED: 


For some months last winter, radar 
was a word which was not supposed 
te be published, despite its inclusion 
in the name of a WPB division. Re- 
cently, the services’ security officers re- 
moved a few of the outer shrouds from 
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Modern desigm in small arms is 
written all over this new M-3 sub- 
machine gun, which has been tested 
extensively and approved particularly 
for paratroop and amphibious use 
which could damage more intricate 
submachine guns. The folding stock, 
which can be used as a cleaning rod, 
resembles that on the German Sch- 


MP-40 


submachine gun 
(Propuct ENGINEERING, May, p. 257). 
Design of the M-3 represents “a com- 
plete and radical departure” from 
earlier conceptions of gun making. 
Many of the parts are stampings, and 
considerable welding is used in as- 


meisser 


sembling the piece. Working parts 
are totally enclosed. The gun fires 


оси О. S. Army Photo 


.45-calibre ammunition at the rate of 
450 shots a minute from the 30-shot 
magazine which serves as front hand 
grip. It weighs 9 lb., three less than 
the Thompson gun, costs less than $20 
to make, shoots more accurately be- 
cause of less recoil and slower rate 
of fire. The gun was developed by 
the Ordnance Department. 





one of the war's first military secrets. 
Radar, which stands for radio detect- 
ing and ranging, is revealed to be an 
adaptation of the old principles long 
used by oceanographers to chart the 
levels of the oceans' floors. To chart 
the depths, technicians aimed radio 
waves at the bottom of the sea and 
recorded them when they had com- 
pleted the round trip from the send- 
ing device to the sea floor and back. 
Knowing the speed of the radio waves 
to be 186,000 mi. per sec. it was easy 
to compute the depth of the sea at 
the given spot. Now this principle has 
been turned overhead, with adapta- 
tions which not only measure the dis. 
tance but the angle and elevation from 
the sending device as well, and at 
this point, the services close their 
description of this new weapon which 
*sees" through clouds and fog to dis- 
tances beyond the aided or unaided 
sight of man. 

It wasn't all so simple, inasmuch as 
several instrumenis, intricate beyond 
the capacity of the layman to imagine, 
had to be perfected to make use of 
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the principles. Obviously, it's one 
thing to calculate the depth of the 
ocean floor, another to calculate the 
position, as of a given instant, of an 
object approaching the sending device 
at a speed in excess of 300 miles an 
hour. One of the instruments de- 
veloped measures time intervals which 
are smaller than a thousandth of a 
second. 


MATERIALS: 


Phenolic resin glues are the gov- 
ernment-approved bonding agent 
for laminating solid wood parts for 
marine use. Urea glue should not be 
used in such applications because it 
is inefficient under marine conditions. 
WPB has set up a pilot plant at the 
Forest Products Laboratory, Madison 
Wis., to recommend specifications and 
determine manufacturing procedures. 


Lignin plastic which can be made 
from farm wastes and can replace 
metals in many applications, some 
military, has been developed by the 
Agriculture Department. This ther- 
mosetting plastic, using half the 


phenol-formaldehyde resin commonly 
required in this type plastic, can be 
made from corn stalks, wheat straw, 
flax shives and other fibrous materials. 
Its physical properties are similar to 
those of plastics using higher percent. 
ages of phenol-formaldehyde, and it 
molds satisfactorily in standard auto 
matic molding machines. 


Lead is no longer restricted for 
essential uses with the issuance of 
Order M-38, as amended. Purpose of 
the new order is to make lead more 
readily available for substitution for 
more critical materials in essential 
production. Only non-essential uses 
are now controlled, and the 90 per 
cent restriction heretofore imposed on 
all uses is rescinded. 

Two more phosphate plasticizers, 
di-phenyl-mono-(ortho xenyl) phos 
phate and di-(ortho xenyl) mone 
phenyl phosphate, are under alloca 
tion by Order M-183. 


Copper order M-9.c has been 
amended to relax certain provisions, 
tighten others and clarify still others. 
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PRODUCT ENGINEERING EDITORIAL 





Planning for Post-War Products 


A YEAR AGO it was considered unpatriotic to propose in- 
dustrial planning for the post-war period. Though there 
are some who still feel the same way, most business men 
now recognize that unless industry is fully prepared to 
reconvert quickly to peacetime activities, a period of 
industrial and social chaos will follow the close of the 
war. The government would then attempt to cure the 
situation by more regimentation of business, more 
bureaucracies, and more experimentation. Secretary of 
Commerce Jesse H. Jones suggested to Paul G. Hoffman 
and other business leaders that they plan in advance to 
be ready to convert quickly to peacetime production as 
soon as the war ended. 


Paul G. Hoffman, whose sterling business acumen won 
public recognition when he became president of the 
bankrupt Studebaker Corporation and removed it dur- 
ing the worst years of depression from the shackles of 
receivership, not only recognized the importance of post- 
war planning but decided to do something about it. 
Almost a year ago, with little active support and much 
tacit opposition, he began his “one-man campaign” to 
persuade industry to organize for post-war planning. 
Gradually, men of influence joined his efforts, leading 
companies gave their support and business associations 
their endorsement. 


Slowly an organization was formed, and today it is 
beginning to function under the name of the Committee 
for Economic Development. It is purely a private enter- 
prise without government support or ties. Its chief aim 
is to help business firms prepare for post-war conditions 
end thereby enable them to maintain employment suffi- 


ciently high to avoid a serious depression. The Depart- 
ment of Commerce is cooperating in the effort in every 
way possible. 


Organization of a Product Development Division was 
one of the first undertakings of the C.E.D. This division 
will call the attention of manufacturers, especially small 
and medium size, to the latest developments in materials 
and manufacturing methods, and will acquaint them 
with sources of all kinds of information pertaining to 
product design. Manufacturers will be shown how to 
enlist the services of designers and consulting engineers. 


Never before in our industrial history has the influ- 
ence of product design on industrial activity been given 
such positive and important recognition. This is indic- 
ative of what may be expected in product design activi- 
ties in the immediate future. All engineering depart- 
ments will be working feverishly to develop designs that 
will capture markets, both domestic and foreign. Size 
of company will have no overpowering advantage. 
Large organizations with lavish engineering and research 
departments will labor under the handicaps of their 
size; small and medium companies that are progressive 
end act quickly will make up their lack of engineering 
talent by availing themselves of the services of con- 
sulting industrial designers and engineers. 


From the smallest to the largest product manfacturer, 
success will depend to a great extent on the degree of 
enthusiasm, initiative, and courage with which the 
product development program is pursued. The results 
will be a major factor in determining post-war business. 
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Fig. 1—New small flame-cutting machine of National Cylinder Gas Company, built up of square tubing 


Advantages of Square Tubing 


Square and rectangular steel tubing has many advantages for 


strong, light-weight machine structures. 


National Cylinder Gas 


Company has made extensive use of square tubing in their flame- 


cutting machines. This article covers their experiences and com- 


pares square tube strength with other sectional shapes. 


SE of square tubing in the de- 
sign of machine structures in- 
dicates its adaptability for 

other equipment where rolled steel 
shapes, round tubing, aluminum parts, 
or even castings and forgings are 
normally employed. Square and rec- 
tangular tubing are available in a 
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wide range of standard sizes with 
Their costs are 
slightly more than round tubing be- 
cause of lower production volume. 
Physical properties of square tub- 
ing often permit its use in place of 
rolled steel shapes such as angles. 
channels, and I-beams in the design 


close tolerances. 


and fabrication of certain machine and 
other structures. Square and rectan- 
gular tubing are often preferable as 
structural members, and can be used 
advantageously where round tubing is 
rejected. 

Among the few machines on which 
square tubing has been extensively 
used is the complete line of National 
Cylinder Gas Company’s flame-cutting 
machines. Newest addition to this line 
is the machine illustrated in Fig. 1. à 
small machine having a net cutting 
area of 3 x 4 ft. The simplicity and 
sturdiness of design are as apparent 
in this machine as in large machines 
with cutting areas up to 10 x 20 ft. 

The chief reason for the original se 
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lection of square tubing is shown by 
the first problem that had to be solved 
in redesigning the large flame-cutting 
machines. This was to produce a long. 
straight, light, and rigid guide mem- 
her known as a crosshead beam. Some 
of these beams are as long as 24 ft. 
Standard rolled structural sections 
were considered first but none had 
the combination of sufficient rigidity 
with light weight. Furthermore two 
ether factors were objectionable: the 
sections would have had to be ma- 
chined, and they were not within the 
required straightness of 0.010 in. in 
90 ft. Since crossheads of appreciable 
weight were to roll upon this mem- 
ber, a rolling surface of adequate area 
was required. This was not available 
m standard sections. 

Round tubing was considered but 
since crossheads must be torsionally 
restrained it would have been neces- 
sary to weld on guiding members. A 
design was sought wherein true rolling 
contact could be attained along with 
guidance. An attempt was made to use 
a single large square tube for the 
crosshead beam, but here again the 
straightness was not within the re- 
quired limits. Attempts to correct this 
by grinding did not work because 
heating of the high spots caused the 
tubing to bow more than ever. 

The crosshead beam section shown 
in Fig. 3 was finally developed. 
Square-welded, cold-finished tubing 
is plug welded to the edges of a 90- 
deg. angle with 5 in. legs bent from 
14 in. hot rolled sheet. The tubing is 
l4 x 114 x 0.062 in. The stiffeners 
are cut from 1 in. x }% in. channel 
and spaced at equal intervals along 
the beam. Butt welds are used in pro- 
ducing the required lengths of angle. 
This same section is used on the ma- 
chine illustrated in Fig. 1, except that 
the beam is turned 90 deg. to its posi- 
tion on the large machines. Two of 
these sections are used, one rolling on 
top of the other. 

Before building a jig for position- 
ing the parts to make this beam, short 
sections were made to determine its 
rigidity both torsionally and in bend- 
ing, and to check the favorable results 
of strength computations. As an indi- 
cation of the rigidity of the crosshead 
beam, a load of 165 lb. in the center 
of a 20 ft. span produced a deflection 
of only 0.110 in. A standard angle of 
the same weight of 6 Ib. per ft. de- 
flects 0.270 in., nearly 21% times as 
much. A special technique was devel- 
oped for the welding fabrication of 
this beam to produce the required 
straightness. 


It should be pointed out that alumi- 
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Fig. 2—Square tubing is used for table frame, guides for carriage, 
clamping bars, and gas tubing rack of this small flame-cutting machine 
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Fig. 3—Section of crosshead beam as designed for large flame-cutting machines 
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Table I—Comparison of Section Properties of Square and 
Round Tubing 



























Wall Weight Moment Section Radius of 
Tube Size Thickness Sq. In. lb./ft. of Inertia Modulus Gyration 

114 in. O.D. round.... 0. .0642 0.1027 0.4052 
14 х1м іп. square... 0. .1089 0.1743 0.4679 
114x127 in. square... 0. .0884 0.1414 0.4776 
14x 1% in. square... 0. .0656 0.1050 0.4871 
14%x 1% in. square... 0. .0698 0.1241 0.4223 
34 x 114 in. rectangle. . 0. 0.066* 0.106* 0.440* 
5g x 2 in. rectangle... . 0. .181 0.181 0.665" 
3 in. O.D. round...... E: .3517 0.9013 1.0097 
3 x 3 in. square....... A .2950 1.5300 1.1659 
3 x 3 in. square....... I 1583 1.1722 1.1811 
3 x 3 in. square....... 0. .3744 0.9163 1.1913 
2% x 2% in. square... 1. .2889 1.0311 0.9621 
115 x 4 in. rectangle... 0. .383%  0.691*  1.407* 
2x4in. rectangle..... 0. .709*  0.899*  1.461* 
3 in. I-beam, 2.33 in. 

er 0.170 1.64 5.7 2.9 1.67 1.23 
2 x 2 x %& in. angle.... 1.36 4.7 0.48 0.35 0.59 
3x3 x 35 in. angle.... 1.78 6.1 1.8 0.71 0.92 
3x3 x ış% in. angle.... 2.43 8.3 2.0 0.95 0.91 





*Minor axis figures. 





Fig. 4—Table frames of large flame-cutting machines are of 2 and 4 in. square tubes 


ately flame-cut as easily as lumber by 
a saw. This results in straight edges 
and close fitting members that insure 
strong welded joints. Curved contours 


'num alloys were also considered for 
' the crosshead beam because of their 
lightness, but since modulus of elas- 
ticity is only one-third that of steel, 





its weight advantage is offset. Also 
against use of aluminum were cost, 
unsuitably soft guide surfaces, diffi- 
culty in welding, and differences from 
steel in coefficient of expansion. 
Other reasons can be added for the 
selection of square tubing for table 
frames, of which general appearance 
is not the least important. Simplicity 
of fabrication is of sufficient impor- 
tance to offset the added cost of ma- 
terial. The square sections are accur- 
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in joints between round tubes, and 
the particular care that is necessary 
in fitting to produce sufficient strength 
in such joints complicate design and 
fabrication. Even the rounded corners 
of square tubing are frequently useful 
in providing natural grooves into 
which to put weld metal in joining 
square tubing. 

The flat side of square tubing 
makes a much larger area of contact 
hetween the steel plate top of the 





table and its frame. This has advan. 
tages in simplifying welding and in 
obtaining a table edge of satisfactory 
appearance without bending the edges 
of the plate down over the edge of 
the table, 

The accuracy with which ordinary 
square tubing is being produced is 
demonstrated by the guide rails on 
the crosshead beams of all National 
Cylinder Gas Company's flame-cutting 
machines and by the ways on each side 
of the table in Fig. 1. The latter are 
of 1144 х 114 in. square tubes with 
0.109 in. walls. These tubes are used 
as they come from the mill without 
machining of any kind. The ways are 
supported by four adjusting blocks 
welded to the table frame, which en. 
able straightening any slight curva. 
ture in the tubing. 

To complete this machine, such ac. 
cessories as the clamping bars that 
hold the cutting pattern in place and 
the hose support for the high-pressure 
gas cylinders are designed in square 
tubing. Details of construction are 
shown in Fig. 3. Obvious use has also 
been made of flame-cut flat plate in 
contours adapted to the shape of parts 
to which they are joined. 

The carriage beam in Fig. 5, illus 
trates the use of square tubing in 
built-up structural members. All tub. 
ing in this beam is 114 x 114 in. with 
0.12 in. walls. The design is basically 
a triangular truss construction. Each 
end is made separately and held by 
bolts to the center rib. All diagonal 
struts are joined to the structure in 
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such manner that two sides are in 
yertical planes. At one point on each 
end of the beam, six struts meet on 
the side of the top member of the 
frame. All six joints consist of four 
straight welds in one plane for each 
joint. The flat-sided members of the 
structure are used to advantage in at- 
taching several electrical control boxes 
and the sheet metal panel on the op- 
erating side. The rigidity of such a 
structure is shown by the fact that a 
20 ft. carriage beam will support a 
load of 150 lb. on one end, 10 ft. from 
the center support, with a deflection 
of only 0.03 in. 

The side details of a table for a 
large machine are also shown in Fig. 
5, in particular the joint between the 
top plate and the table frame, and 
the guide bar, which is a solid square 
bar on this machine rather than tub- 
ing. The table construction for this 
machine is shown in Fig. 4. Legs and 
table frame are 4 x 4 in. square tub- 
ing with fs in. walls while all cross- 
bracing is 2 x 2 x \% in. tubing. The 
center tubing, running from end to 
end, is cut in sections, the ends of 
which are welded to cross braces. 

Joining methods need not be con- 
fned to welding. Rivets, bolts, or 
other means may be employed. The 
square tube legs of the X-ray table 
illustrated on pages 200 to 202 in 
April 1943 Propuct ENGINEERING 
have spot-welded fixtures but are as- 
sembled to round-tubing side rails by 
means of through-bolts. 

In respect to rigidity, square tubing 
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has some advantage over round tub- 
ing, as shown by a comparison of 
strength data in Table I. However, 
greater stiffness of round tube sections 
against local buckling in compression 
is also a factor to be considered. In 
general, the greatest advantage can 
be obtained from tubular sections in 
compression where much depends 
upon the slenderness ratio. The 
greater this ratio, the less effective is 
the utilization of the material. The 
most desirable cross-sectional shapes, 
among shapes of equal area, are those 
with maximum moment of inertia. 
Weight saving by use of tubing is 
possible principally because slender- 
ness ratios are lower with smaller 
cross-sectional areas than for other 
sectional shapes so that allowable unit 
stresses can be higher. 

Tubular sections are not the best 
for resisting bending. This is recog- 
nized in the design of the two beams 
on the flame-cutting machines, both 
of which are built-up structures whose 
tubular members are subjected to ten- 
sion and compression. As far as ten- 
sion is concerned, strength is merely 
a matter of cross-sectional area, with 
little regard for shape of this area, 
within reasonable limits. 

Figures in Table I have been chosen 
to compare 144 in. and 3 in. dia. 
round tubing with square and rec- 
tangular tubing of similar weight and 
dimensions. The first square tube, 


114 x 114 in., has the same wall thick- 
ness as the 144 O.D. round tube. It 
has about 25 percent more area than 
the round tube but a 70 percent in- 
crease in moment and section modu- 
lus. When the area is held to that of 
the round tube by reduction of wall 
thickness to 0.083 in., moment is still 
more than a third larger than the 
round tube, and other section proper- 
ties are still higher. 

A square tube of the same dimen- 
sions, but with equivalent moment, 
has a wall thickness about half that 
of the round tube. Similar section 
properties are also possessed by a 
14% x 1% in. square tube having ap- 
proximately the same sectional area, 
and by a rectangular tube 34 x МА 
in., around the minor axis. Nearly 
three times as large a moment around 
the minor axis is available in a % x 2 
in. rectangular tube of approximately 
the same area. 

Similar comparisons may be made 
with the 3 in. dia. tube. Here again 
standard sizes of tubing have been 
taken from tables so that attempts to 
match cross-sectional areas and sec- 
tion properties are only approximate. 

In order to obtain comparable sec- 
tion properties with angles it is neces- 
sary to use considerably heavier sec- 
tions. An angle of approximately 
equivalent weight has little more than 
a third of the moment of inertia of 
the 3 in. O.D. tube, owing to its shape. 


Fig. 5—(Left) Carriage beams for large flame cutting machines consist of square 
tubing in a basically trangular truss construction. Fig. 6—(Right) Column strengths 
of round and square tubing of approximately the same wall thickness and weight 





Units of 1000 Lb. 





5 
5 
о 

ET 
c 
E 

m 
о 

о 

5 

5 
5 
3 

= 

< 


2 











0 10 20 30 


A E 
0 | COTTA 


10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180190 


Е Round 34 х 0/56 

(5.163 lb. per f?) 

= Square 22 x0./56 
(> 198 /b. y f) 








4+Round I$ x 0./20 Ne 

(1.769 ib. per ft) IN 

--Sgvare If x 0.120 i ВЕ 
У 755 lb. per Ft.) 





Fixed Ends 
40 50 60 70 80 90 100 110 120 130 
Round Ends 
Tube Length, In. 





421 








Design of Sleeve Bearings 
By Hydro-Dynamic Theory 


H. W. HAMM 


Information that has appeared in current research papers on 


bronze and babbitt type bearings is here collected in simplified 


and condensed form to aid the engineer in bearing design. Many 


cumbersome computations have been omitted without sacrifice 


of valuable accuracy in completing the design. 


LD rules of thumb regarding 

lubrication have been sup- 

planted, during the last few 
years by new information based on 
the hydro-dynamic theory. 

To permit simple computations 
based on this theory, certain devia- 
tions had to be permitted. The total 
error resulting from these deviations 
is small enough to be unimportant. 
Greater refinement than that followed 
would result in “specious accuracy” 
requiring time-consuming  calcula- 
tions. The deviations are: 

l. Conversion of Stoke units of 
viscosity into Saybolt universal, -sec- 
onds is not affected by the factor 4.75, 
but by a variable of slightly different 
value. 

2. The viscosity change with pres- 
sure has been neglected. 


3. Length of the bearing and its 


effect on capacity has not been con- 
sidered. Since all bearings of the type 
treated have an l/d ratio of 1% to 
2%, the difference is small. 

4. Specific gravity is considered the 
same for all oils. 

Application of the hydro-dynamic 
theory for good oil film continuity is 
predicated on part immersion of the 
bearing in oil, proper design of the 
oil grooves, and provision for feeding 
the oil to the point of lowest pressure. 
Use of this research information often 
results in higher allowable bearing 
pressures, smaller friction losses, and 
less expensive bearings. Reference 
book sheets on pages 464 and 465 
give a compilation of hydro-dynamic 
formulas. 

The shaft in the bearing floats on 
a film of oil of wedge shape. The fric- 
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tion of the rotating shaft pumps oil 
in the direction of rotation and thus 
produces the pressure necessary to 
support the load. 

There are two conditions for the 
safe operation of bearings under the 
hydro-dynamic theory. One of these 
is that the oil temperature has to be 
maintained below a certain maximum 
hecause above that point the oil de- 
leriorates. The safe operating temper- 
ature has been assumed to be either 
210 deg. F. or 130 deg. F., respectively 
for commercially available oils. The 
second condition requires that a cer- 
tain relationship be maintaiend be- 
tween the viscosity of the oil at the 
given temperature, the unit bearing 
pressure, and the number of revolu- 


tions per time unit. It has been estab- 
lished by careful experience that this 


Table I—Viscosity Chart of 
S.A.E. Oils 


(From S.A.E. Handbook 1942) 





Viscosity in 
































5 Saybolt Viscosity in 

^ | Universal Sec. Centistokes 

10 9042) —— [2-5 E. 
20 120-185 25.2-39.8 
"30 |185-255) 39.8-55 Е 
40 | 255 80 | 55 | 15.6 
50 | | 80-105 | —— [15.6-21.6 
60 | 105-125, 21.6-26.2 
то | 125-1580 ——— 262318 











relationship is adequately represented 

for a given ratio D/C by the equation: 
Z 

f=at+b = (Ref. 2) 


where f — coefficient of friction 


Z = absolute viscosity in centipoises 
n = revolutions per minute 

p = bearing pressure in lb. per sq. in. 
D = bearing diameter 

C = bearing diameter — shaft 


diameter = clearance 

theoretical coefficient of friction 

at Zn/p =0 

b = slope of straight line which 
equation represents 


Fig. 3 (Ref. 3) gives this equation 
graphically for various D/C values. 
Below Z n/p = 20, the oil film has a 


tendency to break down and thus 
cause unstability of lubrication which 
results in a sharp rise of the coeff- 
cient of friction (Ref. 4). In choosing 
a suitable Z n/p value for bearing de- 
sign, 20 therefore represents the min- 


imum figure for safe operation. Below 
Z n/p = 20, the bearing still operates 
successfully but with an increased co- 
efficient of friction which may cause 
everheating. For this discussion, 4 
value of Z n/p — 36, has been chosen 


as a basis for bearing calculation be 
cause it includes a safety factor for 
maintaining a continuous oil film and 
thus guarantees a low coefficient of 
friction. 

The diameter/clearance ratio D/C 
= 1000 has been selected because it 
is practical with modern machining 
facilities, and because it is in wide 
use in the bearing manufacturing in- 
dustry (Ref. 5 and 7). For this value 
D/C — 1000, and for Z n/p — 36, the 
coefficient of friction is f — 0.0025 ac 
cording to Fig. 3. 

It is desirable to convert the abso 
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Fig. 1—Pressure diagrams 
showing (a) pressure dis- 
tribution at circumfer- 
ence of bearing of infi 
nite length, with pressure 
positive at bottom and 
negative at top: (b) this 
pressure distribution de- 
pends on an oil supply at 
or above point of maxi- 
mum clearance; (c) when 
oil groove is located at 
the bottom, result will be 





two pressure areas of 
smaller magnitude and 
smaller bearing capacity 


lute viscosity in centipoise units into 
kinematic viscosity in Saybolt univer- 
sal seconds because the latter unit is 
used in the commercial oil charts, or 
into kinematic viscosity in centistoke 
units. The absolute viscosity in centi- 
poises equals the kinematic viscosity 
in centistokes multiplied by the den- 
sity of the oil. This density is a vari- 
able. For this discussion an average 
value of 0.85 has been selected. We 


thus obtain 


p= 22 with Z — viscosity in 





centipoises 
Sn0S5 . ata: 
= = 36 with S — viscosity in 
centistokes 
Vn 0.85 Vn 


7? 7 36x475 — 200 


with V — viscosity in Saybolt universal 
seconds 


The change of viscosity with pres- 
sure has been neglected as it is small 
lor the bearing pressures involved. 
The relationship between viscosity and 


pressure is represented by the equa- 
tion 


poe? 


ee” 8, + Ру 


(Ref. 7) 
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Bearing Pressure p. Lb. per Sq. 
o 


200k A* range at 130*F. for 


Fig. 
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2—Diagram for equation p=-Vn/200 for diameter/clearance or D/C=1000 


where u, and uo are the absolute vis- 
cosity at given pressures, p: and po 
p — pi — po is the pressure difference 
in lb. per sq. in. 
2 X 10“ is a constant 
2.71828 
The factor by which the viscosity in- 
creases with the pressure is 
for p — 150 Ib. per sq. in., e?» — 1.031 
for p — 500 Ib. per sq. in., e^» — 1.102 


By neglecting this increase, the 
value obtained in the chart of Fig. 2 
for pressure p is smaller than the al- 
lowable figure which improves the 
safety factor but also increases the co- 
efficient of friction slightly. 

Because of the limited number of 
lubricating oils commercially avail- 
able, and because the safe operating 
temperature of these oils is limited, 
only a small part of the chart in Fig. 
2 is of practical use. This part is in- 
dicated by the range for T — 210 deg. 
F. and T — 130 deg. F. This gives the 
range of the oils with an S.A.E. vis- 
cosity rating No. 20 to 70. For the 
convenience of the reader, Table I 
gives the S.A.E. ratings and the cor- 
responding viscosity in centistokes and 
in Saybolt universal, seconds (Ref. 8). 

The coefficient of friction deter- 


d= 
e — 


mines the energy absorbed by the 
bearing, which is converted into heat 


and represents a loss in power. It is 


desirable to keep this loss as low as 
possible. Fig. 3 indicates that this 
can be accomplished by keeping vis- 
cosity low and bearing pressure high, 
while the number of revolutions and 
the D/C ratio are predetermined by 
the application of the bearing. Fig. 2 
shows that the most desirable condi- 
tion for the coefficient of friction and 
for a small constant, V x n/p value 
can be obtained for a large tempera- 
ture range of the oil film. Efficient 
bearing design demands, however, 
that the temperature should be as 
high as the stability of the lubricating 
oil permits. 

For oils of an S.A.E. rating No. 20 
to 70 (Table I), this temperature is 
either 130 or 210 deg. F. A maximum 
oil film temperature results in a max- 
imum temperature of the outside of 
the bearing housing and a maximum 
rate of heat radiation into the sur- 
rounding air. To maintain an equili- 
brium between the heat produced by 
friction, and the heat radiated by the 
surface, a small outside bearing area 
is required, and often the necessity 
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“Performance of Oil Ring Bearing” 
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Fig. 3—Journal friction coefficient (Ref. 3). D/C = diameter/clearance; Z = vis- 
cosity in centipoises; n=r.p.m.; p=bearing pressure in lb. per sq. in. 


for water cooling of the oil is elim- 
inated if the oil film temperature is 
high. 

For every bearing application, a 
check of the energy loss and the cool- 
ing capacity is necessary. The equa- 
tion for energy loss is 
_ ÍP» 
~ 44,300 

with v» = v d n ft/min 

and P = pdl 144 lb. 
This figure must equal or be less 
than the cooling capacity. 


Hi kilowatts 


cAt,. 
Н, = 1000 kilowatts 


In these equations 


P - total load on bearing 
l = effective length of bearing in feet 
d = diameter of bearing in feet 
p = bearing pressure in lb. per sq. in 
n = revolutions per minute 
Hı and H; = energy loss produced by 
friction in kilowatts 
A = surface area of bearing exposed to 
air in sq. in. 

t = temperature gradient between sur- 
face of bearing and room or ambient 
temperature in C. 

с = factor which depends on the condi- 
tion of the air surrounding the 


e = 0.0075 for quiet air 
с = 0.0210 in a draft of 500 ft./min. 
velocity 
For most bearings c — 0.0075 ap- 
plies. Occasionally, especially for 
motor and generator bearings with 
cooling fan, bearings near flywheels 
and pulleys, and for outdoor applica- 
tions c — 0.0210 can be used. 
The temperature of the oil film is 
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Fig. 4—Wall-oil film temperature chart 
for horizontal oil bearings (Ref. 3) 


higher than that of the wall. Observa- 
tions by Karelitz (Ref. 3) on numer- 
ous bearings have resulted in the fol- 
lowing approximate values: 


Temperature rise of the 
pedestal wall in 
Centigrade . 

Average temperature of 
the oil film above 
temperature of wall 
in Centigrade ...... 


12 18 24 30 


18 25 32 40 


These figures have been converted into 
Fahrenheit units. In Fig. 4, the tem- 


BARS, RODS, WIRE AND PLATE made of 
a new non-magnetic manganese alloy 
and used by the General Electric 
Company will save ten tons of nickel, 
seven tons of chromium and almost 
one ton of tin this year. The new al- 
loy replaces a formula which called 
for 18 percent chromium, 8 percent 





perature relationship is illustrated, 
With these data, the main dimen- 
sions of a bearing can be determined 
and former bearing designs checked 
for new applications. It is best to first 
find the lowest ambient temperature 
likely to be encountered. Then a suit- 
able oil film temperature must be 
chosen at or below 130 and 210 deg. 
F. respectively. Then the temperature 
of the wall is found from Fig. 3. The 
temperature gradient t is the differ. 
ence between the wall temperature 
and the ambient temperature. A suit- 
able factor c can then be selected and 
the required surface area A calculated 
after the coefficient of friction and 
the energy loss have been determined. 
The designer must use judgment 
in selecting a bearing surface area 
which radiates the full amount of 
heat, omitting possibly part of the 
pedestal area. He must also be care- 
ful in determining the bearing load. 
With the comparatively low safety 
factor in the equation p = V x n/200, 
it is necessary to determine the aver- 
age as well as the maximum load of 
the bearing capacity: If the maximum 
load occurs at frequent intervals and 
for a considerable length of time, it 
must be taken as a basis for bearing 
calculation. In other cases, where the 
maximum load occurs only occasion- 
ally or in starting, the average load 
may well serve for this purpose. 
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nickel and the remainder iron. Either 
alloy requires a covering for solder- 
ing; for the tin coating previously 
used a lead coating has been substi- 
tuted. Because the new alloy provides 
greater strength, it is expected that it 
will remain in general use when the 
war is over. 
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Drawn Cylindrical Shapes 
Of Various Aluminum Alloys 


THOMAS H. HAZLETT, Engineer 


Structures Research Laboratory, Lockheed Aircraft Corporation 


Objective of the tests described was to secure design data regarding 
the relative formability of various aluminum alloys and tempers 
by comparing the limiting size of blanks of these materials which 
ean be formed into cylindrical cups of a given diameter. Hold- 
down loads required on the blanks to prevent wrinkling of the 
eups during the drawing operation were also investigated. 


recognized on an increasing 
scale as having many advantages in 
the production of aircraft. A large 
number of parts usually formed on 
drop hammers, as well as some as- 
semblies made by welding together a 
number of comparatively simple 
shapes, can be produced on draw dies 
at a rate considered impossible by 
previous methods, with resulting sav- 
ings in time and cost. 

Since ferrous alloys and brass are 
used for most of the parts made by 
other industries with this type of 
forming, comparatively little informa- 
tion is available concerning the char- 
acteristics of the various alloys com- 
monly used in aircraft construction. 
The investigation, here described, was 
undertaken to determine some infor- 
mation required for design purposes 
and to facilitate shop procedure. 

To test the drawing characteristics 
of the materials, it was deemed ad- 
visable to select a shape that involved 
this forming technique to the exclu- 
sion of all others as much as possible. 
The cylindrical cup was selected be- 
cause it is symmetrical in every re- 
spect about the central axis. 

The ratio of cup radius r to blank 
radius R was adopted as an index 
of the formability of any particular 
material. When the limiting value of 
R is used the ratio r/R indicates the 
maximum depth to which a part can 
be formed. 

This index is convenient to use 
when the precise shape of the un- 
formed blank is known, but rather 
awkward for designers to use. But 
tests have shown that a direct con- 
version can be made between r/R and 


EEP drawing as performed by 
double-acting presses is being 
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A/R, where h equals the depth of a 
part with square corners on the bot- 
tom of the part and the flange com- 
pletely drawn into the vertical wall 
of the part, by means of the formula 
R? — r? 
2r 

This conversion is mathematical and 
based on the principle that the area 
of an unformed blank is equal to 
the area of the formed part. This 
principle is accurate within one per- 
cent for practically all materials en- 
countered to date. 

A practical consideration that was 
not neglected in planning the tests 
is that a wide range of material thick- 
ness may be used in the same die 
without changing the clearance be- 
tween the punch and die. If the 
clearance is less than the thickness 
the action which results, sometimes 
called “ironing” introduces further 
phenomena. These will not be dis- 
cussed in this article. It is not 
to be understood that the quality of 


h = 





the part produced is independent of 
clearance, but rather that a satisfac- 
tory part may be made from 0.025 in. 
material on a die which has clearance 
adjusted for 0.051 in. stock. A de- 
crease in the smoothness of the sur- 
face may result under such conditions, 
but the limiting depth of draw is not 
affected. 

Blanks with diameters varying in 
steps of 0.4 in. were cut from 24S0, 
24ST, 5250, 525-1/2Н, 53SW and 
61SW aluminum alloy sheets, and 
their edges polished. Sheet thicknesses 
were 0.025, 0.032 and 0.051 in. in 
24SO Alclad, and 0.040 in. in each 
of the other materials. The blanks 
were then drawn into cup shapes in 
a 6 in. dia. bottomless die, cast from 


Punch ram-- 


„Punch 


T Hold'-down ram 


Draw ring-- 


partial 
support 


Stationary pla ten-~ 





Fig. 1—Arrangement of punch, die, 
draw ring and hold-down plate mounted 
in double-acting hydraulic press for 
drawing flat bottom cylindrical cups 
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0.051 - 2450 
'7R =0.50 
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0.025 - 2450 
7R = 0.52 


Fig. 3—Flat bottom cups drawn from 
aluminum alloys at limiting values of 
r/R. Thickness of sheets from which 


cups were drawn is given with material 


Kirksite. The die was mounted in a 
hydraulic double-acting press having 
a capacity of 125 tons on the punch, 
and 45 tons on the blank holder. 
Hold-down pressure was applied 
through four hydraulic cylinders each 
with a separate control valve and 
pressure gage. All cups were drawn 
using the minimum hold-down pres- 
sure required on the blank to prevent 
wrinkling, since excessive hold-down 
pressure could produce premature 
failure of the material before the lim- 
iting value of r/R was reached. be- 
cause of the increased tensile puil re- 
quired to overcome the additional fric- 
tion imposed by the excess pressure 
on the material. 

The relative formability of the ma- 
terials was based on the maximum 
size blank that could be drawn into a 
cup of given diameter without crack- 
ing. In general, cracks result in cups, 
drawn with flat bottom punches, 
either over the punch radius at the 
bottom or near the upper edge of the 
cup. The former type of failure re- 
sults normal to the plane of greatest 
tensile stress and is therefore referred 
to as a “tensile failure.” While the 
latter occurs on a plane about 45 deg. 
with the principal stresses and ap- 
proximately in the direction of great- 
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0.040 - 535W 


0.040 - 5250 
'7R =0.50 


7R =0.51 


0.040 - 52S - VoH 
"/R * 0.54 








0.032 - 24S0 
7R = 0.50 





0.032 - 24ST 
"UR 70313 


Table I—Hold-Down Loads for Cylindrical Cups 





Area under 








Hold-down 





Material Thick., in. r/R hold-down, 
sq. in. Tons Ib. per sq. in. 
2480 0.025 0.52 10 1/2 309 
2450 0.032 0.52 12 1/2 368 
24ST 0.032 0.73 Yi 59* 
5280 0.040 0.50 20 1/2 532 
52S-1/2H 0.040 0.54 12 1/2 425 
53SW 0.040 0.51 16 1/2 465 
2480 0.051 0.52 14 1/2 426 
2480 0.051 0.54 12 1/2 410 
2480 0.051 0.59 4 1/2 200 
2480 0.051 0.66 1/2" 35° 








*No applied load, estimated dead weight of platen and draw ring only. 
а 


est shearing stress, hence, this type of 

failure is called a “shear failure.” 
The limiting values for the cylin- 

drical cups as formed in the tests were 


Thickness, Limiting 
Material in in. r/R 
24SO 0.025 0.52 
24SO 0.032 0.50 
2450 0.051 0.50 
24ST 0.032 0.73 
5280 0.040 0.50 
52S-1/2H 0.040 0.54 
53SW 0.040 0.51 
61SW 0.040 0.55 


Note that 24SO Alclad, 52SO, and 
53SW appear to be the most formable. 
Cups of limiting r/R are shown in 
Fig. 3, in which material and thick- 
nesses are also indicated. Larger 
blanks were consistently bad. The 
tests indicated a difference of 0.6 to 


i.2 in. in diameter between the blanks 
that were consistently good and those 
that were consistently bad. Thi: 
range can probably be accounted for 
by variations of the material proper 
ties and/or variations in the form 
ing operation. 

It should be noted that there was 
a difference of 0.5 in. on the blank 
diameters between the cups formed 
from 0.040 in. 52SO and 0.025 in. 
24SO. But the difference in final re 
sults is slight. 

The 2450, 5250, and 53SW mate 
rials failed in tension, that is. the tet 
sile stresses induced in the sides of 
the cup from the action of the punch 
pulling the material under the draw 
ring into the die exceeded the ulti 
mate strength of the material. On 
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the other hand, 24ST, 52S-1/2H, Ww 
and 61SW alloys failed in shear. Any а : 
cup containing a rudimentary shear - | 
failure which did not extend more а: - 
than vs in. from the edge was consid- 
ered acceptable. This practice was 
adopted because the top of the part 
must be trimmed regardless of the 
presence of a defect, therefore, no us- 
able portion would be lost by a crack 
of this magnitude. 

The hold-down pressure as related 
to limiting values of r/R is of interest 
irom the standpoint of design. in that 
it permits the designer to determine 
in advance the capacity of the press 
which must be used for producing the 
part in question. The minimum hold- 
down loads and pressures required 
to prevent wrinkling of blank sizes a 
near the limiting value of r/R are 





Fig. 4—T ypical shear failure in a cup formed from 24ST Alclad 


listed in Table I. The effect of de- 
creasing the blank radius can be seen 
trom the data listed on 0.051 in. 
24S0 Alclad. Note the ascending rate 
at which the hold-down load decreases 
with reduction in blank size. 
Hold-down pressures given in Table 
I should not be construed as repre- 
sentative, but rather as minimum pres- 
sures. The effective area is based on 
the total blank area restrained be- 
tween the die and draw ring. It must 
be remembered that this is not a 
fixed rule, but is given only to serve 
as a guide for design purposes. Spe- 
cial cases involving combined draw- 
ing and stretching may necessitate 
the use of higher pressures. 
Drawing with a flat bottom punch 
enables the portion of the blank which 
is inside the draw ring to gain par- 





0.040 - 53SW 0.040 - 535W tial support from the bottom of the 

> R «52 in. R=58 in. punch. This support is sufficient to 
"/R = 0.57 YR = 0.51 prevent the material from buckling 

ks because of compressive stresses in- 
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К. ali WA ; duced in the material while drawing. 
Fig. 5—(Above) Cup at left was formed from a 5.2 in. radius"blank with small On the other hand. if the flat bot- 
failure shown in circle. Cup at right was made from a blank of 5.8 in. radius and h is 1; 4 Ьу havi 

is without a fault. Fig. 6—(Below) Hemispherical cups drawn from 24SO Alclad РУЖНЕ аанай асаан 
blanks were 9 in. in diameter. Puckering decreases with increased blank thickness 
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a hemispherical-shaped end, the un- 
supported blank area will gain par- 
tial support at only one point in the 
center of the blank, and the free area 
is permitted to buckle during draw- 
ing. Buckling of this type will be re- 
ferred to as “puckering” for the re- 
mainder of this article. The term 
“nuckering” refers to buckling of the 
portion of the blank which has passed 
over the draw radius, while “wrink- 
ling” refers to buckling of that por- 
tion of the blank which has not passed 
over the draw radius but is in position 
between the die and the draw ring. 
Both phenomena arise from compres- 
sive stresses in the material induced 
by the circumferential shrinkage re- 
quired in drawing. 

Puckering may be prevented or re- 
duced by either of two methods: (1) 
The effective stiffness of the material 
may be increased by increasing the 
blank thickness, or (2) by subjecting 
the blank to radial tension, thus op- 
posing the tendency to buckle. 


Using the same press and die that 
were used for forming the flat bottom 
cups, further tests were run with a 
punch having a hemispherical-shaped 
end, the radius of which was equal to 
half the diameter of the punch. 


Cups were formed from 24SO AI. 


0.051 in. - 24S0 


Fig. 7—Comparison of 
puckering in hemispherical 
cups drawn from 24SO and 
52SO of equal thickness 


Fig. 8—Hemispherical cups 
showing the effect of large 
blanks on puckering. Size 
of blanks approach the lim. 
iting r/R value as deter. 
mined for flat bottom cups 
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clad using 4.5 in. radius blanks in 
thicknesses from 0.020 to 0.064 in. 
Hold-down load was varied as fol- 
lows: 


Material Hold-down loads, 
Thick., in. Tons 

0.020 8, 16, and 32 

0.025 32 

0.032 32 and 46 

0.040 24 and 46 

0.051 24 and 46 

0.064 24, 36, and 46 


A series of cups were also formed 
under similar conditions from 52SO 
material. Two cups were attempted 
from 52S-1/2H, but these broke dur- 
ing forming. 

Blank sizes were increased to diam- 
eters approaching the limits found 
from the tests on the flat bottom cups 
and the limiting value of r/R found 
for the spherical end punch using 
0.051 in. 24SO Alclad. All tests using 
a large blank size were formed from 
24SO material. 

A view of typical parts formed from 
9 in. dia. blanks is shown in Fig. 6. 
The decrease in severity of the puck- 
ers with increase in blank thickness is 
quite noticeable. Close examination 
reveals, however, that even the part 
formed from 0.064 in. material has a 
slightly irregular surface. The amount 
of puckering in parts formed from 





t= 0.051 in 





t = 0.032 in. 





any one material thickness did not 
change as the hold-down load was 
varied as described previously. It is 
possible that greater increases in 
hold-down load might have some ef.- 
tect on puckering. In Fig. 7 is shown 
the amount of puckering for 24S0 
and 52SO of the same thickness. 


In Fig. 8 is shown the effect of in. 
creasing the blank size to a value near 
the limiting r/R as determined for 
flat bottom cups. It may be noted that 
slight puckering occurs in 0.025 and 
0.032 in. material, but puckers are 
completely eliminated in the parts 
formed from 0.040 and 0.051 in. ma. 
terial. Thus, it appears that puckering 
may be more effectively controlled by 
varying blank thickness than by 
means of hold-down pressure. 


From this it appears that the abil. 
ity to form a part having a spherical 
bottom is a function of the unsup. 
ported area of the blank and the 
thickness of the material. Since the 
unsupported area is a function of the 
spherical radius of the punch, the 
limits of puckering for this type of 
part may be expressed in terms of the 
ratio D/t, where D equals twice the 
spherical radius, and : equals the 
material thickness. 

It has been shown that the critical 
value of D/t varies with change of 
plank size, but is not altered by 
changes in hold-down pressure within 
the limits tested. If a “bottoming” 
die were used the small degree of 
puckering present in the part made 
from 0.040 in. and heavier material 
shown in Fig. 6, as well as 0.025 and 
0.032 in. material shown in Fig. 8, 
could probably be pressed out. 


The exact limit of r/R was not 
found for 0.051 in. 24SO, but has been 
determined to lie between 0.52 and 
0.50. 

A definite relationship probably 
exists between D/t and r/R, but in- 
sufficient data are available to deduce 
any definite laws. 


pei 


t * 0.025 in. 
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CAUSES AND CURES 





Braeket transmitted considerable load through the cap- 
screws shown at A. To keep the connection tight required 
frequent tightening of the capscrews which soon became 
stretched, so that it was advisable to'replace the capscrews 
with studs, which are stronger since there is practically no 
initial torsional stress from tightening to reduce the load 
carrying capacity of the shank. Also better material is 
usually available for studs. Ordinary studs would be impos- 
sible to assemble, so special studs were made with squared 
heads, as shown at B. These could be inserted in the casting 
and tightened with the bracket in place. 





Packing 


Hole 
(added later) 
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Forging marks cause 
fatigue cracks and failure 





In making forgings it sometimes happens that the metal 
is folded over leaving a more or less lengthy thin strip of 
metal attached on one side to the main section. Sometimes 
the fold is equal on both sides as shown in the illustration. 
The fatigue crack started from the edges of the folds and 
progressed about half through the section before final 
failure. The outline of the fatigue crack is clearly seen. 
Forging of shanks on enlarged eyes should be smoothly 
done where sections change in size. Dents and not smoothly 
finished radii will invite fatigue cracks to start. Square 
cornered keyways are also liable to be sources from which 
fatigue cracks start. The part shown in the illustration is 
a good example of how not to finish keyways. 


Tail rod on a sliding hydraulic valve was protected by a 
flanged cylindrical dirt shield with a closed bottom. Exhaust 
pressure in the valve was about 30 lb. per sq.in. As long as 
the shield was full of air no trouble was encountered, but 
leakage past the packing generally accumulated in and 
filled the shield with fluid. After which the entrapped fluid 
offered enough resistance to prevent movement of the valve. 
Drilling a drain hole in the bottom of the shield permitted 
the leakage to escape and thus corrected the trouble. 
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Fig. 1 


Tubing is only one of many shapes that can be extruded from magnesium alloys 


Behavior of Magnesium As 
A Structural Material 


Third of a series on the characteristics of magnesium in relation 
to design of magnesium alloy structural members, this article 


covers shear and torsional strength, damping capacity, vibration 


and accoustic properties, dimensional changes in service, high 


and low temperature properties, thermal properties, and elec- 


trical and magnetic properties. 


These articles are based on in- 


formation furnished by American Magnesium Corporation. 


NE property of magnesium al- 
loys that tends to reduce 
stresses and increases their 
endurance strength is their compara- 
tively high damping capacity. This 
characteristic checks vibrations from 
building up to serious intensity. A 
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disadvantage of high damping under 
certain conditions may be internal 
heating. 
steels is accompanied by compara- 
tively low notch sensitivity, but this 
relationship does not seem to apply 
to magnesium alloys. 


High damping capacity in 


Damping capacity, or the ability 
of a material to absorb and dissipate 
energy into heat when subjected to 
cyclic stresses below the endurance 
limit, is also known as internal fric 
tion or mechanical hysteresis. Specific 
damping capacity is expressed: 

| d _ dE 
~ P 
where 

p = specific damping capacity 

d = absolute damping capacity 

W = potential energy at maximum 
stress, equaling 
f?/2E, in lb. per cu. in. 

f = maximum stress, lb. persq.in. | 

E= modulus of elasticity, lb. per sq. i. 

While magnesium alloys in genera 
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have a high damping capacity. there 
are indications that variations of al- 
loy and temper have significant ef- 
fects. For instance, rolling AM52S 
type sheet to a high degree of hard- 
ness reduced damping capacity ma- 
terially. 


Vibration. The natural frequency of 
vibration of structural members and 
machine parts is to a large extent a 
function of modulus of elasticity and 
of damping capacity of the material 
as well as the design of the member. 
If a vibration of fixed amplitude is 
imposed upon a member by an ex- 
ternal force, such as periodic shocks 
or other intended or unintended cy- 
clic impulses, resultant stresses are 
proportional to modulus of elasticity. 
In addition, the amplitude of free 
vibration is rapidly reduced and the 
shock absorbed within less time than 
in metals with lower damping capac- 
ity. 

On the other hand, if the vibration 
is of the resonant type. the lower 
modulus of magnesium may or may 
not be a disadvantage. Since the 
natural frequency of vibration is a 


function of modulus of elasticity, it is 


lower in magnesium members than 
in most other structural metal mem- 
bers. There is, therefore. a greater 
chance that a magnesium member. 
during an increase in operating speed 
from zero to maximum will pass 


through a period of natural fre- 
quency, causing resonant vibration. 
Here again, high damping capacity 
tends to reduce the amplitude of both 
natural and resonant vibration. Above 


room temperatures, resonant vibra- 


tion occurs in a lower range of speed 
because of the decrease in modulus 
value of magnesium alloys. 

Since the natural frequency of a 
structural member may, with the 
above qualifications, be calculated ap- 
proximately from its deflection under 


load in accordance with the follow- 
ing formula: 


3.13 
VD 


where 


v — natural frequency of vibration, 
cycles per second 

D = deflection at center of span of 
structure or member, resulting 
from its own weight plus any 
other weights attached to 
member, 


and since the frequency of external 
impulses is known, the range of reso- 
nant vibration, caused by synchroniz- 
ing the two frequencies, can be calcu- 
lated. To avoid this range. the natu- 
tal frequency should lie outside a 
range from one-half to twice the fre- 
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quency of the impulses. Since fre- 
quency of impulses usually cannot be 
changed. the natural frequencv of the 
member must be altered. This can 
usually be accomplished by minor 
changes in cross-section. 


Acoustic Properties. Sound waves 
passing from a dense metal to a light 
metal dissipate considerable energy 
by virtue of the difference in ampli- 
tude of sound vibrations. Similarly. 
energy is dissipated when sound trav- 
els from a light metal to a more dense 
metal. Sound is severely damped in 
passing through several media of 
greatly different densities. Experi- 
ence has shown, for example. that 
steel-tired magnesium car wheels at- 
tached to steel axles are less resonant 
than wheels made of a single mate- 
rial. 

Reflection of sound is dependent 
upon the surface struck by the sound 
waves as well as the rigidity of the 
material. Smooth surfaces on rigid 
materials reflect much more sound 
than rough surfaces on very flexible 
material. Magnesium alloys, because 


? 


Fig. 2 


of their light weight and low modulus 
of elasticity, tend to reflect less sound 
than heavier, more rigid materials. 

In systems where sound is pro- 
duced by forced oscillation, for in- 
stance in the disks in automobile 
horns which are operated by a fluc- 
luating magnetic field, the low mass 
and low modulus of elasticity of mag- 
nesium result in a high amplitude of 
vibration for a given impressed force. 
The effect of damping here is to lead 
to more diffuse tuning. 


Shear and Torsional Strength 

l. Shear Strength. Typical shear 
strengths and shear modulus values 
of structural materials were shown 
in Table IV, p. 360. June Propuct 
FNGINEERING. Threaded joints and 
spot welds are typical applications in 
vhich high shear strength is required. 
Both will be discussed later. 


2. Torsional Strength. 


(a) Elastic Torsional Strength: 
For circular members carrying tor- 


Typical sectional shapes of magnesium alloy castings 








Table I—Properties of Magnesium Alloys at 
Elevated Temperatures 


Tensile Yield 
Tempera- Strength, Strength, 
ture, Ib. per lb. per Elongation, Brinell 
Magnesium Alloy deg.F. sq. in. sq. in. percent Hardness(') 
6A1-3Zn-0.2Mn. as cast?) 7 26,500 15,000 4 56 
212 26,500 13,500 5 55 
392 18,500 10,000 12 40 
912 10,000 5,500 9 17 
1.5Mn, as extruded (?) 70 41,500 24,800 3 41 
212 25,900 17,200 4 32 
392 12,200 7,700 21 16 
912 6,200 4,000 34 
6.5A1-0.8Zn-0.2Mn. 
as extruded (*) 70 50,500 36,500 12 68 
212 46,000 33,000 14 64 
392 25,000 15,000 32 41 
572 11,500 3,500 28 11 





(1) 250-kg. load, 5-mm. ball, 30 seconds. 


(2) Similar to AM265-C alloy. 


(3) Similar to AM3S alloy. 
(*) Similar to AM57S alloy. 





Table II—Effect of Prolonged Heating on Magnesium 
Casting Alloys 





Temper Condition 
AM240-T4 Before heating 
After heating for 160 
days to 300°F. 
AM240-T61 Before heating 
After heating for 151 
days to 300°F. 
AM265-C Before heating 


After heating for 160 
days to 300°F. 


AM265-T4 Before heating 


After heating for 160 
days to 300°F. 


sional loads, the allowable elastic 
range is proportional to permissible 
design stress in shear and to polar 
section modulus of the stressed mem- 
ber. Since polar section modulus of 
solid bars is proportional to the cube 
ci the diameter, and weight is pro- 
portional to the product of density 
times diameter squared, magnesium 
rods may often be made both lighter 
and stronger than heavier metal rods 
with higher allowable design stresses. 

(b) Ultimate torsional strength is 
comparable to ultimate strength in 
bending in that the actual maximum 
fibre stress at failure for relatively 
heavy-walled tubes is far beyond the 
elastic range of shear stress and, 
therefore, cannot be computed directly 
by ordinary means. Engineers and 
designers have adopted the concept 
ct modulus of failure in shear com- 
parable to the modulus of failure in 
bending. This modulus of failure in 
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Room Temperature Properties 


Tensile Yield Elonga- 
E. E, E. 3 
32,000 13,700 8.2 
35,600 20,700 1.3 
36,800 18,300 1.5 
33,400 16,000 1.5 
28,600 13,700 4.5 
32,500 19,700 1.8 
36,200 13,600 8.5 
34,800 19,800 2.0 


shear may be defined as the value ob- 
tained from substituting maximum 
torque at failure for a given member 
into the ordinary torsion formula for 
elastic stresses. Thus, by compiling 
the data from a number of tests, gen- 
eral trends in the value of modulus of 
failure can be established. This value 
of modulus of failure can be used as a 
basis for determining allowable de- 
sign stresses. Experimental results 
have shown that for wrought magne- 
sium alloys moduli of failure for rela- 
tively heavy-walled round tubing and 
solid bars are about 70 percent of 
ultimate tensile strength, while for 
cast magnesium alloys the percentage 
1anges from 70 to 100 percent. 

Attention is called to the fact that 
thin-walled tubes or very long tubes 
may become unstable even though the 
stresses are well within the elastic 
range. 

Permanent dimensional changes in 





service of magnesium parts, either 
rough or machined, involve such íac. 
tors as (1) growth, an increase in 
dimensions slowly brought about at 
elevated temperatures by changes in 
internal structure; (2) creep, slow 
deformation under an external stress 
considerably below yield strength; 
(3) distortion, caused by release of 
internal stresses. 


Dimensional Changes In Service 


1. Growth. Most magnesium alloys 
are, for all practical purposes, free 
{from “growth.” Exceptions are cast. 
ing alloys in  solution-heat-treated 
(T4) condition. This growth is ac- 
companied by increase in yield 
strength and reduction of elongation. 
The maximum growth values observed 
on AM265-T4 and AM260-T4 alloys 
are 0.00033 and 0.00041 in. per in. 
respectively. Where dimensional 
changes of this magnitude are unde- 
sirable, the alloys should be used in 
the fully aged (T6) condition. 
AM260-T4 alloy is not recommended 
for applications where the operating 
temperature exceeds 200 deg. F. be- 
cause of such temperatures the —T4 
alloy gradually changes to —T6. 

2. Creep. In common with other 
structural metals, magnesium alloys 
undergo permanent deformations or 
creep at a changing rate when ex- 
posed to sustained stresses. The rate 
and total amount of creep depend 
upon the magnitude of the stress and 
sustained temperature of the member. 
Cast magnesium alloys, in general, 
creep less than wrought alloys of the 
same composition at the same stress 
and temperature. The grain fineness 
and heat treatment also seem to have 
an effect upon the creep characteris- 
tics. Because of the absence of a uni- 
form definition of creep characteris- 
tics and the lack of reliable long-time 
data, no values for creep of the vari- 
ous magnesium alloys are available. 

3. Distortion. Permanent distortion 
or warpage of magnesium parts in 
service may also be caused by residual 
internal stresses which originated dur- 
ing fabrication. For reasons inherent 
in magnesium alloys—low modulus of 
elasticity, wide range of solidification 
in the freezing of castings, absence 
of skin effect in castings, compara- 
tively easy control of grain size—such 
stresses are less frequent in mag 
nesium than in some other structural 
metals. Annealing for a period of from 
2 to 4 hours at 500 to 600 deg. F. will 
remove them. 

4. Straightening. To remove dis- 
tortion produced during fabrication, 
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magnesium alloy castings, forgings, 
extrusions or tubes may be hand or 
power straightened, either cold or, if 
sufficient power is not available, at 
temperatures of 350 to 450 deg. F. 
The part to be straightened must, be- 
cause of considerable springback. be 
deflected further beyond the desired 
contour than is necessary with other 
metals. Cast alloys аге usually 
straightened hot in order to obtain a 
wider working range without cracking. 
Wrought alloys, because of their 
greater ductility, can be straightened 
more readily than cast alloys and usu- 
ally do not require heating. Extruded 
shapes and rolled sheet are also 
straightened by stretching if equip- 
ment is available. 


High and Low Temperature 
Properties 


1. At elevated temperatures mag- 
nesium alloys soften, lose strength 
and gain ductility, as shown by typi- 
cal examples in Table I. They are 
generally not recommended for struc- 
tural uses at temperatures over 400 
deg. F. The modulus of elasticity de- 
creases appreciably with rising tem- 
perature. 

2. Properties after Heating. Pro- 
longed heating at temperatures up to 
400 deg. F. produces some changes 
in room temperature properties of 
most magnesium alloys. In castings, 
as a rule, alloys used in the as-cast or 
heat-treated condition gain yield 
strength and lose elongation, while 


alloys in the heat-treated-and-aged 
temper lose yield strength. Heating 
reduces elongation of wrought alloys 
with over 8 percent aluminum 
(AM58S and AM59S), but has little 
effect on other alloys. Table II shows 
the effect of heating to 300 deg. F. 
on AM240 and AM265 casting alloys. 
Half an hour at 350 to 450 deg. F. to 
straighten castings is not detrimental, 
regardless of alloy and temper. Heat- 
ing of sheet of soft temper, extruded 
shapes or tubing to 500 to 650 deg. F. 
prior to forming is likewise without 
effect, except for alloys with over 8 
percent aluminum, which suffer in 
ductility when the temperature is held 
over one-half hour. Heating of sheet 
alloys of hard temper to this tempera- 
ture range practically restores soft- 
temper properties, except for 
AM3S-H, which softens but slightly 
when heated to 600 deg. F. for not 
over a few minutes or to 500 deg. F. 
for not over two hours. 

3. Melting Temperatures. Table III 
gives some temperatures of incipient 
fusion and complete melting. 

4. Properties at Low Temperatures. 
Magnesium alloys gain in tensile and 
yield strength, and elongation de- 
creases slightly at low temperatures. 
Impact strength of magnesium cast- 
ing alloys is practically unaffected by 
temperatures down to —110 deg. F.; 
that of some wrought magnesium al- 
loys gradually decreases although at 
—70 deg. F. the change is slight. 

Typical values of coefficient of ex- 
pansion, thermal conductivity, and 


Table IlI—Melting Temperatures of Structural Materials 








specific heat, and of several values 
derived from these properties, are 
given in Table IV. 

l. Thermal Expansion. There is 
practically no difference in the ther- 
mal expansion of magnesium alloys 
listed in Table IV. Allowance must be 
made for greater expansion of mag- 
nesium in structures subjected to 
temperature changes when magnes- 
iom is rigidly assembled with iron .or 
steel, and hence restrained from freely 
expanding and contracting. 

The problem may be complicated if 
the steel member has a comparatively 
thin cross section, so that it will un- 
dergo elastic or plastic deformation, 
or if the magnesium member does not 
have a uniform cross-section or is 
not uniformly attached to the steel 
member. Unless barred by space limi- 
tations, a solution can usually be 
found to this problem. 

Where a liner of a ferrous or cop- 
per alloy is shrunk into a magnesium 
part intended for operation at ele- 
vated temperatures, the interference 
of the parts to be assembled must 
be based on the maximum tempera- 
ture likely to be encountered, so that 
sufficient grip will be retained when 
the assembly heats up. If heat is gen- 
erated in a heavy metal liner, how- 
ever, as in brake drums, the surround- 
ing magnesium section dissipates the 
keat rapidly and remains much cooler 
than the liner. Not only is a tight 
shrink fit maintained but the expand- 
ing liner may subject the magnesium 
housing to a severe stress, which may 
require reinforcement. 

The coefficient of expansion of 
magnesium alloys for the range from 
room temperature to 400 deg. F. is 


TEMPERATURE about 4 percent greater than that 
Material Allov Incipient Complete given in Table IV, which applies to 
н = — the range from room temperature to 
"Mr. oge. 212 deg. F. Bronzes that are used for 
Magnesium — 1,198 1.200 bearings and bushings in magnesium 
: AM-C52S(!) 1,020 1,150 have a coefficient of expansion of 
E АМ-С575 950 1,150 ађош 10х107. 
АМ595 855 1,10 "Ур 

“ AM260 760 1.110 2. Thermal conductivity of magne- 
Р А М265 760 1,155 sium is decreased when alloyed with 
t . other elements. Pure magnesium has 
Aluminum oa 8 ~ II a conductivity of 0.376 c.g.s. units. 
~ 43 1.070 1:165 Magnesium alloy AM246, containing 
Р 195 1,020 1,195 12 percent aluminum, has a relatively 

: e ‘ да I low conductivity of 0.16 c.g.s. units. 
и — 1,13 The problem of heat transfer from 
Gray Cast Iron 2,000 2,400 a ferrous or copper alloy insert to 
eable Iron 2,050 the surrounding magnesium housing, 
E gp Steel (0.25C) 2.610 FE as it occurs in electric motors illus- 
Alloy Steel (SAE 3130) 2'715 trates the possibilities of using the 
igh Brass 1.660 1.715 thermal conductivity of magnesium. 
Die Cast Zinc 717 717 Whereas an iron housing would have 
Phenolic Sheet 320 to be joined mechanically to the in- 


(1) Values are approximate. 
) Commercially pure aluminum. 
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sert, a magnesium alloy housing, like 
one of aluminum, may be cast around 
the insert, thus improving the bond 
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Table IV—Thermal Properties. of Some Structural Materials 





Elec- 
trical 
Co- Con- 
efficient Specific Heat Thermal ductivity 
о Thermal (68-212°F.) Diffus- (Percent 
Thermal > (Per Unit ivitv ot inter- 
Ex- Volume) (Per Unit national 
pansion (At МЕ) си Unit cal / Volume) annealed 
Deg. C.G.S. Weight) cc/?C. (ap copper 
Material Alloy F. x 10-* Units() cal/g/?^C. (approx.) prox. J (@) standard) 
Magnesium AM2S(*) 14.3(4) 0.35 0.249 0.43 0.81 38 
е AM3S 14.5() 0.30 0.44 0.68 34 
2i AM-C52S 14.5() 0.23 0.44 0.52 17 
е AM-C575 14.4(5) 0.19 0.45 0.42 13 
е А М595 14.5) 0.17 0.45 0.38 10 
~ AM265-C 14.605) 0.18 0.46 0.39 15 
ч AM260-T6() 14.80) 0.17 045 0.38 12(%) 
68-212*F. 
Aluminum 2S-0 (7) 13.3 0.54 0.226 0.61 0.88 s 
е 35-1 /2Н 13.3 0.38 0.61 0.62 41 
Р 528-1/2H 13.0 0.37 0.60 0.62 40 
- 24S-T 123 0.28 0.62 0.45 30 
- 43 12.2 0.34 0.60 0.57 1 
У 195-T6 12.7 0.34 0.62 0.55 aT 
- 220-T4 13.6 0.20 0.58 0.34 21 
Gray Cast Iron 5.6 0.12 0.13 0.92 0.13 2 
Malleable Iron 6.6(8) 0.13 0.122 0.89 0.15 6 
Cast Carbon Steel 6.5(?) 0.13409) 0.117 0.92 0.15 11(8) 
Structural Steel 6.5 0.144(") 0.114(12) 0.89 0.16 12 
Die Cast Zinc 15.2(8) 0.27(1) 0.10(8) 0.66 0.41 27 
High Brass 102 0.29 0.091 (14) o. 71 038 26 
Hard Maple 3.5(5) 0.0004 0.55 0.37 0.0011 „и 
Phenolic Sheet 14.0(15)) 0.0007(7) 0.35(19 0.47 0.0015 





(1) Cal. per sec., per sq. cm., per cm. of 
thickness, per deg. C. One c.g.s. unit 
equals 2,903 Btu. per hr., per sq. ft., 
per in. of thickness, per deg. F. 


quoted ' 


(13) Temperature range 77-212 deg. F. 
(му At 64 deg. F. 

(5) Parallel to fibre. 
‘across fibre.” 


A value of 26.8 is 
Temperature 36 


(?) Obtained by dividing thermal con- to 93 deg. F. 


ductivity by sp. ht. per unit volume. 
(3) Commercially pure magnesium. 
(*) Temperature range 212 to 482 deg. F . 
(5) Temperature range 212-572 deg. F. 
(6) All values estimated 
(7) Commercially pure aluminum. 
(8) No temperature range given 
(?) For 0.22 percent C steel. 
(19) For 0.26 percent C steel. 
(1) For wrought iron. At 65 deg. F. 
(12) For wrought iron. No temperature 
range. 


nated phenolic sheet, 
vary between 9.4 and 16.5. 
ture range given. 


(16) Average value for all grades of lami- 
68-212°F. May 
No tempera- 


(7) At 68 deg. F. Varies between 


0.0005 and 0.0008. 


(18) Varies between 0.3 and 0.4. No 


temperature range given. 


(2) Estimated. 
(3) For 0.3 percent C. 





and reducing the temperature of the 
insert. 

3. Specific heat values in Table IV 
ere based on equal weight. Variation 
among various magnesium alloys is 
negligible. When comparing specific 
heat and thermal conductivity of 
magnesium alloys and other metals, 
it must be kept in mind that the mag- 
nesium cross-sections are frequently 
somewhat increased over those of the 
other metals and that such increases 
will affect the relative thermal be- 
kavior of structural members of the 
various metals. 

4. Thermal diffusivity is the thermal 
conductivity divided by the product 
of specific heat and density. It indi- 
cates the rate at which heat penetrates 
a body before thermal equilibrium. 
Table IV gives approximate values. 

5. Radiation. The radiating power 
or emissivity of a metal is expressed 
as a percentage of the perfect radi- 
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ator, the hypothetical “black body.” 
Like other metals, a clean magnesium 
surface with a thin natural oxide film 
has relatively low emissivity. At 100 to 
200 deg. F., emissivity is about 7 per- 
cent. If the surface is oxidized, emis- 
sivity increases more or less in pro- 
portion to oxide film thickness. While 
no measurements are available, it is 
probable that magnesium  behaves 
somewhat like aluminum in this re- 
spect. Emissivity of aluminum is be- 
tween 60 and 70 per cent when coated 
with an oxide film 0.1 mil in thick- 
ness. Transparent lacquers also in- 
crease emissivity. 

The heat dissipated by radiation in- 
creases as the fourth power of abso- 
lute temperature, and for this reason 
radiation is a more important factor 
in heat transfer at high temperatures 
than at low temperatures. 

6. Latent Heat of Fusion. The 
values indicating number of calories 





necessary to convert the metal from 
solid to liquid after melting tempera- 
ture is reached are not yet avail. 
able for alloys of magnesium. Only 
values for commercially pure mag. 
nesium and other pure metals and 
cast iron are available. Table V may 
serve as a guide in estimating values 
of structural alloys. 

7. Flammability. The heat of for- 
mation per mole of magnesium oxide 
is about 146,000 calories. Magnesium 
alloy will ignite and burn at temper- 
atures of incipient fusion shown in 
Table III, unless protected from 
contact with air. For the great 
majority of working and operating 
conditions, the melting and oxida- 
tion characteristics of magnesium are 
of no practical importance. When 
solid pieces of magnesium of appre- 
ciable wall thickness are exposed to 
fire, the heat will normally be dissi- 
pated into other sections of the part 
as a result of relatively high thermal 
conductivity, long before the melting 
point is reached. Thus, magnesium 
alloy sheet 0.020-in. thick may be 
fusion welded without ignition. The 
safety of structural magnesium parts 
is strikingly illustrated by exposure 
of a magnesium alloy aircraft tank 
filled with gasoline to a blow torch. 
Although a hole was burned into the 
magnesium skin sheet and the gaso- 
line ignited, the tank was not further 
damaged. In flame tests on engine 
cowlings of magnesium sheet, burning 
ceased after the metal section imme- 
diately hit by the flame had melted 
away. Similar results were obtained 
in experiments where magnesium al- 
loys were exposed to an electric arc. 
Zinc chromate primer coatings im- 
part a comparatively high degree of 
fire-proofness to magnesium alloy 
sheet. 

A fire hazard exists where fine mag- 
nesium particles are produced by a 
cutting or grinding operation without 
dissipation of the heat. This hazard 
is eliminated by grinding under oil 
or by exhausting the grinding dust 
and precipitating it in water. 

Magnesium fires are put out by 
shutting off the oxygen supply of the 
air, through covering with such sub- 
stances as coal tar pitch, cast-iron 


Table V—Latent Heat of 


Fusion 
Metal Cal. per g. Cal. per cc. 
Magnesium 89 160 
Aluminum 93 251 
Iron 65 512 
Zinc 24 171 
Copper 51 152 
Cast Iron 47 334 
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Fig. 3—-Gates and risers can be sawed off magnesium alloy castings 


turnings, graphite, asbestos, powdered 
mixtures of alkali and alkaline earth 
halides comprising chiefly magnesium 
chloride, or even dry sand. Commer- 
cial extinguishing agents containing 
graphite or the salt mixtures just 
mentioned are available. Water and 
the usual commercial extinguishing 
agents containing carbon dioxide or 
carbon tetrachloride are decomposed 
by burning magnesium, intensifying 
the fire, and must not, therefore. be 
used for extinguishing 


magnesium 
fires. 


Electrical and Magnetic 
Properties 


The electrical conductivity of mag- 
nesium, like its thermal conductivity 
ŝis decreased by alloying with other 
elements. Pure magnesium has a con- 
ductivity of about 38 percent of the 
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International Annealed Copper Stand- 
ard, compared to about 61 percent for 
commercial aluminum conductors, 
based on equal volume. On the basis 
of equal weight, the values are 197 
percent for magnesium and 212 per- 
cent for aluminum. Magnesium alloys 
have, in general, a volume conductiv- 
ity lower than copper and aluminum, 
but higher than iron and steel. Typi- 
cal values are given in Table IV. The 
conductivity of magnesium alloys in 
the solution-heat-treated temper is, as 
a rule, slightly lower than that of al- 
loys in the as-cast or heat-treated-and- 
aged temper. The lower conductivity 
of magnesium alloys, compared to 
that of aluminum, is an asset in elec- 
tric spot welding because greater 
thicknesses can be spot welded with 
equipment of a given power capacity. 
Conversely, equal thicknesses can be 


welded with smaller current density. 

To insure proper grounding of 
magnesium parts without corrosion in 
the joint. specially developed com- 
posite copper-aluminum inserts are 
used in which the aluminum portion 
faces the magnesium housing while 
the copper portion is joined to the 
grounded member. 

No data are available on the mag- 
netic properties of structural mag- 
nesium alloys. Commercially pure 
magnesium has no appreciable effect 
on the compass. It is reported to be 
slightly paramagnetic. 


ConnEcTION: Fig. 10, page 364, June 
Propuct ENGINEERING. The words 
“sharp 60-deg. V notch used in test” 
on top curve should apply only to 
bottom curve. In Fig. 11, page 365, 
cycles of stress should be 50,000,000. 


435 








CONVEYOR SYSTEMS FORPR 
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Fig. 1—Intermittent rotary conveyor inverts 

electrical condensers, to be sealed at both 

ends, by engaging radial pins to which hold- 
ing clips are attached 

















This group of conveyor mechanisms includes 
principles varying considerably among them. 
selves. Each has been applied in many ways, 
which are dependent upon the characteristics 
of the article handled. In addition to the meth. 
ods shown in this and the previous group, 
other conveyors have employed vibration, re. 
ciprocated jerking motion, suction and mag. 
netic holders, forming carriers, and other prin. 
ciples and mechanisms requiring more space 


than is here available for adequate explanation, 


Pat No. 2,243,879 


To bottle pasteurizer 


2 Detail 


Conveyor belts on sides and bottoms, f 


H ELI 
am — 


Fig. 2 — Pasteurizer cami 
links lock bottles in place 
straightways 


Fig. 3 — Wedging action d 
side belts shapes paper 


Pat No. 1,998,287 for wrapping and packing 
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Co-acting side bars on 
synchronous chains 
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may be used as 

Eg guide roller 

Pat. No. 2,287,196 

Fig. 5—Pusher type conveyor can be used Fig. 6—Synchronous chains with side arms 

with drive on either side grasp and move packages 


Pat. No. 2,228,932 





Fig. 7—Rotary conveyor trans- 
fers articles from one belt con- 
veyor to another without dis- 
turbing their relative positions 
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Today's plastic tubing comes in 
virtually any desired outside 
diameter up to 3 in., and wall 
thickness down to a few thou- 
sandths of an inch 


All thermoplastic materi- 
als are now being fabri- 
cated into plastic tubing 
in sizes and cross-sections 
limited only by available 
fabricating machinery. 
Each basic material has 
that 


make it suitable for cer- 


special features 


tain specific conditions. 


Choosing Plastic Tubing 
For Specific Purposes 


WO important factors are con- 
tributing to the rapid develop- 
ment of tubing made from 
thermoplastic materials. They are the 


extrusion molding process, by which 
long lengths are fabricated, and new 
formulations of thermoplastic tubing 
materials suitable for applications 
that formerly could be met only by 
metal or rubber. 

Wartime influences have greatly 
accelerated the development of new 
and improved fabricating processes 
and techniques. Tube diameters can 
now be controlled to tolerances as 
low as 1 percent, or even lower in 
some cases. Whereas only a handful 
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of tubing sizes were available a few 
years ago, today one can purchase 
a 3-in. O.D. tubing with a wall thick- 
ness of 0.004 in., or a tubing of 0.15 
in. LD. with a *& in. wall. This illus- 
trates the extremes of sizes and wall 
thicknesses in which plastic tubing 
is now available. Larger diameter ex- 
truded tubing is unavailable today 
only because of restrictions on the 
pbuilding of machinery large enough 
for its production. However, larger 
sizes of tubing in limited lengths can 
be made by other fabricating 
processes. 

Tubing with almost any shape 
cross-section can now be extruded. 


Colors and degrees of opacity are 
virtually unlimited for most of the 
thermoplastic materials. Joining is 
simple. This can be done by using 
threaded fittings, by fusing the ends 
together or by a gluing method. 
Tubing that is rigid can be bent when 
heated. 

Uses for plastic tubing are unlim- 
ited. The distinct general advantages 
of plastic tubing are that it is light, 
easily formed and worked, and can be 
drilled and tapped. Some present 
uses are for acid, air, gas, oil and 
fuel lines; heat and electrical insula 
tion; conduits; buffers; gages; chan 
nel strips; gaskets; cooling coils; 
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lighting fixtures; cigarette holders; 
flashlights; electrical and electronic 
parts; stirrup pumps; sleeving; fer- 
rules; bushings; and nuts. 

Before specifying the type of plas- 
tic material for the tubing, physical 
and chemical characteristics required 
by the application must be deter- 
mined. Some plastics are entirely sat- 
isfactory for general-purpose tubing; 
others have specialized 
such as chemical resistance or elec- 
trical properties. The special fea- 
tures of each general type of thermo- 
plastic material are discussed below 
and reference to the table of prop- 
erties of these materials will indicate 


qualities, 
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Extruded Plastics, Inc, 


(Above) Polygonal-sided, fluted surface and translucent 
tubing are extruded as standard items. (Below) These 
coaxial beads and insulators are made from extruded poly- 
styrene tubing. The center piece is 1.6 in. high. Note the 
recess in the top of the second tube from the right. The 
groves and reduced diameter are screw-machined 
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| 
i 
; 


Plaz Corp. 


the general limits of each. Present 
limits in the application of these 


materials should not be accepted as 
final because developments are rapid. 


Cellulose Acetate. This is one of the 
most widely used of the thermoplas- 
tics. It is adaptable, easily formed and 
worked, and its color range is good. 
Water absorption and tendency to 
cold flow make for relatively poor 
dimensional stability. 


Cellulose Acetate Butyrate. Addition 
of butyric acid during the manufac- 
ture of cellulose acetate results in 
this material, which is generally more 
stable, more impervious to water, and 


lighter than cellulose acetate. Formu- 
lations which are weatherproof and 
impervious to ultra-violet rays are 
available. This material has a greater 
impact strength than cellulose acetate. 


Ethyl Cellulose. One of the newest 
of the cellulose plastics, all of which 
ere very tough, this is stable and has 
low water absorption Heat resistance 
is high. In flexible form ethyl cellu- 
lose has a greater tensile strength than 
rubber. Dielectric qualities and tough- 
ness make this material suitable for 
wire insulation and coating. It is com- 
patible with a wide range of plasti- 
cizers and is soluble in numerous 
cheap solvents. 


Acrylic. Excellent properties of this 
plastic have made it vital in war 
equipment, particularly for transpar- 
ent enclosures for aircraft. Some 
tubing, a few applications of which 
are in the electronics field, has been 
extruded. The material does not use 
any plasticizer or filler and comes in 
soft, medium and hard flows. Acrylic 
plastic is dimensionally stable, non- 
toxic and inert. It has practically no 
cold flow or moisture absorption. It is 
unaffected by acids and alkalis, with 
the exception of oxidizing acids. Opti- 
cal properties, dielectric strength and 
weather resistance are high. Tough- 
ness and rigidity are characteristic 
of this material. Acrylic has been 
available only in colorless and tinted 
transparent materials, but it is ex- 
pected that after the war opaque 
colored materials will be produced. 


Polystrene. Because some of the basic 
materials of polystrene are used in 


the manufacture of synthetic rubber, 
this plastic is difficult to obtain. Flow 
properties of this material are con- 
trolled by varying the molecular 
weight rather than by adding plasti- 
cizers. This is the lightest of all plas- 
tics and is noted for its dimensional 
stability, chemical resistance and elec- 
trical properties. It is tasteless, odor- 
less and just about impervious to 
moisture. Heat distortion point and 
modulus of elasticity are high, with 
practically no cold flow. It has the 
lowest power loss of any of the plas- 
tics. Color range is good. This mate- 
rial resembles glass more than any of 
the other thermoplastics. 


Vinyl Acetate. Numerous formulations 
of this material can be made by con- 
trol of the manufacturing process, 
which can be used to emphasize cer- 
tain properties. Most of the vinyl ace- 
tates become softer as higher tempera- 
tures are reached, but few of them 
have any sharply defined melting 
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General Range of Properties of Thermoplastics 
————————————————————————————————————JmÁ— My 


Properties 


Specific Gravity............. 


Cellulose 
Acetate 


1.27-1.37 


Tensile Strength, Ib. per sq. in. 2,000-11,200 


Compressive Strength, lb. per 


Impact Strength, ft. lb. per in. 
of notch 


Modulus of Elasticity, Ib. per 
og. im. x 16... 

Hardness, Rockwell M scale. . 

per 


Specific Heat, cal. gram 


per deg. C.... 


Thermal Expansion, 10~° per 


Operating Temperature, deg. 
F., continuous. . 


Softening Point, deg. F 


Distortion Under Heat, 
ПРИНЦ. > лова 


deg. 


Thermal Conductivity, cal. per 
sec. per cm.? 
aun. x 10^... 

Cold Flow 

Volume Resistivity, ohm-cm. . 


Refractive Index, np........ 


Dielectric Strength, volts per 


Dielectric Constant, 60 cycles 
Dielectric Constant, 10° cycles 
Dielectric Constant, 10° cycles 


Power Factor, 60 cycles, per- 
Power Factor, 10° cycles, per- 
Power Factor, 10° cycles, per- 


08... . 


Water Absorption, percent by 
wt., 24 hr 


Elongation, percent 


Burning Rate 


Effect of Strong Acids....... 
Effect of Strong Alkalis. . 


Machining Qualities. ........ 


3,700-18,000 


0.6-5.4C 
0.7-4.21 


1-4 
25-107 
0.30-0.45 


8-16 


140-180 
140-260 


103-214 


15-78 
Slight 
(7-14) 10" 
1.47-1.50 


215-900 
3.5-6.4 
3.5-6.4 
3.2-6.2 
.0-6.1 
.0-6.1 


.8-6.0 


.2-6.9 
1-52 
Slow 
Slight 
Slight 


Good 


Cellulose 
Acetate 
Butyrate 


1.14-1.37 
2,500-9,900 


7,000-30,400 7,500-23,100 


3,000-13,100 
1.1-6.0C 
0.7-5.51 
2.0-3.5 
18-99 


0.3-0.4 


11-16 


100—160 
140-250 


117-215 


15-78 
Slight 
(7-14) 10" 
1.47-1.50 


215-900 
3.5-6.4 
3.2-6.4 
3.2-6.2 


.0-6.1 


.0-6.1 


.8-6.0 


.0-2.0 
12-89 
Slow 
Slight 
Slight 


Decomposes Decomposes 


Decomposes Decomposes 


Good 


Ethyl 
Cellulose 


1.08-1.18 
2,500-14,000 


10,000—12,000 


4,000—12,000 
0.6-6.5C 
3.6-8.01 

1-5 

25-86 


.30—0 . 46 
10-14 


120-200 


125-265 


120-200 


56 
Slight 
105 
1.47 


400-2 , 000 
2.6-4.4 
2.5-4.0 


2.0-3.5 


.9-2.0 
4.7–85.0 
Slow 

Very Slight 


Slight 


Decomposes 
None 


Good 


Acrylic 


1.18-1.20 
5,800-8,800 


13,000 


9,000–15,000 
0.4-0.6C 


7-9 


Circa 160 
150-203 


140—180 


13 

Slight 
>10% 
1.49-1.51 


500 
3.5-4.0 
3.0 
2.8 


1.0 


0.3-0.5 
3.0-6.0 
Slow 

Very Slight 
Very Slight 


1 
Very Slight 


Good 


Polystyrene 


1.050-1.185 
5,000—10,000 


11,500-18,000 
8,000–19,000 
0.35-1.2 


1.7-6.0 


55-115 
0.32-0.40 
6-8 


150-185 
190-275 


169-194 


19 

Very Slight 
1017-10!? 
1.59 


500-700 
2.5-3.2 
2.5-3.0 


2.5-3.0 
0.01-0.03 
0.01-0.03 
0.01-0.04 


0.0-0.3 
1.0-3.5 
Moderate 
Very Slight 


Yellows 
Slightly 


Mostly None 
Mostly None 


Good 


Vinylidene 


Chloride 


Vinyl 


1.18-1.60 
1,000—10,000 


1.68-1.35 


4,000—10,000 
10,000-12,000 7,500-8,500 


10,000-14,000 15,000-17,000 


130-150 
140-175 


140-160 


39.5 2. 

Slight Slight 

1011-10 101—105 
1.4665-1.5300 1.60-1.63 


500-3 , 000 
0.03-5.00 


100—2 , 000 
4.0 
1.7 
4.0 


0.03-5.00 


0.03-5.00 
1.43 0.03-0.15 
1.3-1.43 0.03-0.15 
2.0-6.5 0.03-0.15 


«0.1 
15-40 


0.000–0.415 
50-500 

Do Not Support Combustion 
None 


Darkens 
Slightly 


None None to Slight 
None None to Slight 
Good 


None 


Darkens 
Slightly 


Good 


1— Affected only by oxidizing acids 


C — Charpy 
B — Brinell 


I — Izod 
ELE ews 
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000 
00 
00 


Е. І. DuPont de Nemours Co. 
(Left) Unusual color effects are possible in plastic tubing. The tube at the top has a mottled striated appearance; the center tube, 
made by rounding a sheet and sealing the edges, is a striated design with an opalescent finish; the bottom tube has a shell-like 
pattern. The surface of these tubes is smooth. (Right) One method of applying plastic tubing as insulation is to extrude the tubing 
over wire, as on the coils shown here. Groups of insulated wires can also be coated by this method 


R. D. Werner Co. 


Another unusual use for plastic tubing is the nut shown on this plastic threaded 
rod. Nuts such as this are cut from polygonal-sided tubing and threaded 


point. The tendency to cold flow in- 
creases as the amount of plasticizer 
is increased. This material is non- 
toxic, tasteless, odorless, slow burn- 
ing, and resistant to heat, light, weak 
acids and alkaline solutions. 


Polyvinyl Chloride. High resistance 
to concentrated acids, alkalis and 
alcohols, and compatibility with many 
plasticizers make this material an ex- 
cellent substitute for rubber in many 
applications. It is superior to rubber 
in flexing life and dielectric strength, 
and is resistant to sunlight and ultra- 
violet rays. Polyvinyl chloride is 
odorless, tasteless, non-toxic, non- 
burning and has very low water ab- 
sorption. 


Copolymer of Polyvinyl Chloride and 
Vinyl Acetate. The properties of 
polyvinyl acetate and polyvinyl chlor- 
ide have been combined to form this 
material. Formulations with unique 
characteristics can be provided by 
varying the molecular weight. This 
material has wide use. It is notable 
for resistance to alkalis, oxidizing 
agents, inorganic acids, alcohol, oil, 
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grease and fat. It is impervious to 
water and is second only to polystrene 
in low water absorption. 


Polyvinyl Butyral. The resins in this 
class are produced from polyvinyl 
acetate by a combination of hydrolysis 
and partial condensation with butyral- 
dehyde. The material is shock absorb- 
ent, does not shatter at low tempera- 
tures, and resists discoloration under 
ultra-violet rays. Extreme flexibility 
is one of its chief advantages. It re- 
sists alkalis but its acid resistance is 
not as good as other vinyl resins. 

All of the vinyl plastics have the 
advantage of being more flexible than 
rubber, if desired. They are also noted 
for flexibility at low temperatures. Be- 
cause of their value as a substitute for 
rubber they are used extensively in 
war equipment. 


Vinylidine Chloride. This material is 
known as Saran, a name released for 
use as a generic term. It is non-inflam- 
mable, has good dielectric qualities 
and high tensile strength and resists 
organic solvents, acids, alkalis, water 
and inorganic chemicals at room tem- 


Carbide « Carbon Craemicacs Сотр. 


R. D. Werner Co. 
The square extruded tubing shown is 
used as a spacer in double glazed sash. 
The small edge lip acts as a seal 


perature. Ít is inert to common alka- 
lis, acids and alcohols, and even 
ketones do not affect it. It does not 
support combustion, has remarkable 
fatigue strength, and is resistant to 
abrasion. It does not warp or distort 
easily and is, therefore, suitable for 
use in warm, humid atmospheres. The 
impact-resistance characteristic of 
some of the other plastics is greater 
and shock resistance and flexibility 
are poor at subfreezing temperatures. 
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Heat Transfer 
Problems Solved 


By Electrical Analyzer 


IMILARITY of heat flow through 

a rigid body and the electric 

charge in a non-inductive elec- 
tric circuit, is made the basic prin- 
ciple of the Electrical Analyzer, a 
new means for the solution of mass 
and heat transfer problems. 

Most heat transfer problems are 
too complicated for mathematical so- 
lution because of the many variables 
involved and the uncertainty of boun- 
dary conditions. Electrical analogy 
provides solutions, however, at a 
great saving of time and effort. 

Search for a method to reduce 
the complex solution for transient 
heat-flow problems led to develop- 
ment of the analogy method. The basic 
method was tried earlier, but was 
abandoned when it was found that 
analogy between hydraulics and heat 
transmission was impractical. 

The new experimental technique for 
the analyzer originated with C. L. 
Beuken, a Dutch engineer. The idea 
was brought to the United States by 
Dr. Victor Paschkiss who is now 
broadening its development in the 
new Heat-Transfer Laboratory of 
Columbia University. Equipment has 
been added to the laboratory to widen 
the heat problems that can be solved 
in two and three dimensions. 

Basically, heat may be transferred 
in a body or from one body to an- 
other by conduction, convection or 
radiation, or a combination of the 
three. Conduction of heat through any 
body is considered to be steady when 
the temperature in the body varies 
with time. 

Methods of approach to the solu. 
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Almost any practical problem in three-dimensional 
heat flow can be solved by plugging in electrical 
quantities analogous to the thermal quantities being 
investigated. Device (right) which covers nearly three 
walls of a heat-transfer laboratory, consists of over 
100,000 parts including resistors, condensers, plugs; 
switches and auxiliary equipment arranged in 15 sec- 


СЕ 


pecu 


tions. 
facilitate connections. 


removed from the new panel shows the complexity 
of wires for resistors and condensers. Dr. Victor 
Paschkis (above) and his analyzer equipment at 
Columbia University, New York City, are available 
for investigation of heat problems. 


tion of heat transfer problems are: 1. 
direct application; 2. mathematical; 
3. electrical analyzer. 

Direct application involves an ex- 
perimental test on the real equipment 
or a scaled model. The average indus- 
trial concern is in no position to build 
models or to set up equipment and 
then conduct tests over the period of 
time required for conclusive results. 
Many experimental results are unre- 
liable and often not feasible under 
practical conditions, Heat is hard to 
control and to keep within definite 
channels. There are no satisfactory 
heat-flow meters. and the greatest 
care is necessary to obtain accurate 
temperature measurements. 

The mathematical side is a rational 


On top of the panels are the buses which 
A five-section tray (above) 


and analytical approach that ђе 
comes quite involved in any but the 
very simplest type of problem. Caleu- 
lations for definite conditions imposed 
on a given mass defined by shape, size 
and physical properties are dependent 
on the solution of Fourier’s differential 
equations for a given set of conditions. 
Cases that can be solved by this 
method are relatively few in number, 
generally take a long time to solve, 
and exclude most applications of ir 
dustrial importance. Mathematical 
approximation is possible by a numer 
ical method which in many case 
proves to be quite complicated. 
Difficulties imposed by mathematics 
are partially overcome by the use 9' 
graphs from which constants can be 
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obtained to simplify the analytical 
lution. Graphical methods for solv- 
mg these problems are possible, but 
asumptions necessarily made and 
limitations placed on variable func- 
tions, do not make for extreme accu- 
тасу, 

Shortcomings of these methods can 
now be overcome by using the Elec- 
trical Analyzer plan. 


Electrical Analyzer 


The Electric Analyzer is based on 
the fact that electric resistance is 
malogous to thermal resistance. elec- 
tie current .to heat flow. electric volt- 
e to temperature, electric capacity 
w thermal capacity. and electric 
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charge to heat storage. It is to be 
noted that there is no thermal an- 
alogue to inductance. An electric cir- 
cuit to be analogous must be non- 
inductive. The electric model has no 
geometrical similarity to the body 
being tested. 

The analogy relates Ohm’s law, R, 
= V/I in electricity to Fourier’s law, 
R, = t/q in the conduction of heat. 


Where 


R, — electric resistance in ohms 
R, — thermal resistance, deg. F. — 
hr./Btu = L+kaA 


k = thermal conductivity, 
Btu/sq.ft./deg. F./hr./in. 

A - surface area, sq.ft. 

L - length of heat path, in. 

I = electric current through R. in 


amperes 





Q = hourly heat flow through R, 
Btu/hr./ 


AV = difference in electric potential 
across R., volts 
М = difference in temperature across 
R+, deg. F. 
Similarly, 
t 
С, = + and C; = 2. 
1 t 
Where 


С, = electric capacity, farads 
C, — thermal capacity, Btu/deg. F. 
Q. = charge stored in C., coulombs 
Q: = heat stored in C., Btu. 
AV - rise in electrical potential of C, 
due to Q., volts 
At = rise in temperature of C, due to 
Q:, deg. F. 


|| 


The fundamental electric circuit 
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used to do this is shown in Fig. 1. 

A vast number of circuits of this 
type make up the permanent electric 
model, which are mounted on panels 
in the laboratory giving the room an 
appearance of a control room in a 
modern power station. 

The complete unit of more than 
100,000 parts consists of resistors, con- 
densers, plugs, switches and auxiliary 
equipment. 

The total capacity of condensers is 
2,280 uf (microfarads), into 15 sec- 
tions. By combinations, one is able to 
plug in any condenser capacity in 
steps of 0.1 uf or greater. All con- 
densers, made to definite specifica- 
tions, are accurate to within plus or 
minus one percent. Owing to the high 
resistance of the circuits ordinarily 
used in the model, high insulation re- 
sistance in the condensers is of para- 
mount importance. 

The condensers in each section are 
assembled on six trays. Each tray 
has a plug board to which one ter- 
minal of each condenser is connected, 
while the other terminal is grounded. 
Every tray is a self-contained unit, 
which can be withdrawn from the 
frame for cleaning and inspection. 
Each section has its own switchboard, 
resistor board and plug board. Con- 
denser leakage is kept to a minimum 
by the use of condensers with in- 
sulation resistance of at least 15,000 
megohms per microfarad. If desired, 
condensers of one section can be con- 
nected to those of another section 
through the bus board. 

Each resistor board contains four 
decade resistors which together yield 
any resistance value from 100 to 
1,111,000 ohms in steps of 100 ohms. 
They are usually connected in series 
and resistor boards can be connected 


Fig. 2 (B) 
ing lumping of length. 


non-uniform cross-section showing lumping of length. (B)— 


Resistors 


Circuit for one-dimensional steady heat flow for rod A. 
(C)—Circuit for one-dimensional transient heat flow for rod A. Fig. 3 (A)—Rod of 
Circuit for one-dimensional transient heat flow 


Milliammefer 
: Voltmeter 


! 
( , 
i Resistor | 


Fig. 1—Basic Electrical Analyzer circuit 


by flexible leads to the buses coming 
from the condensers. Recently 100 
sections were added to build up cir- 
cuits for two and three-dimensional 
problems, thereby vastly increasing 
the range of usefulness. 

Thirty-six buses running along the 
top of the panels make it possible to 
plug in any of the instruments on 
any one section and to interchange 
resistors and condensers in different 
parts of the model. An instrument 
panel located in the central section 
of the model contains the power con- 
trols and all of the instruments used 
for the automatic recording of data. 

A rectifier changes the regular 110- 
volt a.c. to a practically constant d.c. 
output of any desired value between 
130 to 286 volts. A voltage divider 
is provided to get any voltage from 
130 to 0 volts to correspond with any 
changing temperature likely to be 
encountered in the thermal circuit. 
By means of electron tubes, any cur- 
rent value between 0.1 ma to 30 ma 
can be set and maintained constant 
by a current regulator throughout the 
experiment, regardless of apparent 
changes in resistance resulting from 
the loading of the condensers. 


In nearly every experiment, need 


Condensers 


FIG.2 


Non-uni form 
cross-section- 


arises to find the total heat input, 
which is represented by total charge, 
Q. in coulombs, obtained from read. 
ing the ampere-minute meter. 

Accuracy of the Electric Analyzer 
method depends largely on the insula. 
tion resistance of the condensers and 
the resistors against the common 
ground. The board is fastened to the 
steel framework by means of insulat. 
ing slabs, reducing leakage. Since the 
leakage paths are in parallel, the tota] 
leakage resistance becomes only à 
fraction of the resistance of one leak, 

Specific heat changes with tempera. 
ture, and this is compensated for jp 
the analyzer by changing the electrical 
capacity. 

One-dimensional, steady-state heat 
flow represents the simplest type of 
application. Heat is applied at one 
end of an insulated rod of uniform 
area and leaves at the other end at 
the same rate of heat flow. Only re. 
sistors of an amount equal to the 
thermal resistance of the body together 
with the necessary recording instru 
ments, make up the electric circuit of 
Fig. 2(B). 

The rod is arbitrarily divided into 
small sections and each section has its 
counterpart in the electrical circuit 
by resistors. If the rod is composed of 
two materials of different thermal re 
sistances, two different electrical re 
sistors are to be applied. 

The thermal resistance, ZL + kA can 
be found from the thermal properties 
of the materials, given in standard 
engineering reference books, the 
geometry of shape as determined by 
the design, and the time scale, arbi 
trarily chosen. The equivalent values 
are then set up in the model and 
the flow of heat is determined directly 
by reading the electrical instruments. 


, Insulation 


Heat 
—— 
out 


| -Resistors 


~Condensers | 


FIG.3 


( A) —Rod of uniform cross-section show- 
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areas become smaller. See Fig. 3. The 
condenser capacities increase corre- 
spondingly with the increase in areas. 


> Time-Scale Factor 

а- 

ind One of the chief advantages of the 
10n analyzer method is the possibility of 
the applying a time-scale factor. A heat 

















process, taking from a few minutes 
to a day, can be studied on the Elec- 


ма] trical Analyzer in a period of seconds, 
E if desired. Only sufficient time to read 
“ak, the instruments carefully is necessary 

















leat 











for the solution when the respective 
values are plugged in. On the other 
hand, where heat flow is a matter of 
seconds, the time scale can be 
stretched out so that the electrical ex- 


> of periment takes several minutes in 
one order to suit the convenience of the 
orm operator. The measurement of time 
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is obtained from a minute-meter which 
records the flow of current in frac- 
tions of seconds. 

It is also possible to study parts of 
a temperature-time curve, by repeat- 
ing the experiment with a different 
time-scale factor. Thus, parts of the 
temperature-time curve may be en- 
larged to almost any desired accuracy. 


Two-Dimensional Heat Flow 


Fig. 5 illustrates a typical applica- 
tion of the Electrical Analyzer to the 
study of two-dimensional heat flow ap- 
plied to the diffusion of heat through 





















Fig. 4—(Above) Here is a comparison of the new and old type condenser panels. 


During the process of heating the In the old section, at the right, there are six condenser trays for each unit. New 

















џез insulated rod, an unsteady state panel, at left, provides a larger number of resistors and condensers. Fig. 5 (A)— 
and iere. This pers differs {f 3 Ü ( Below) Bar of infinite length on hot plate. One new panel is on two sides of room. 
ectly E M и зе — B —Circuit of two dimensional transient heat flow for arrangement at A 


previous case in the additions of con- 
densers connected at the mid-point 
position of the sections shown in Fig. 
2(C). Each section is represented by 
(ne resistor and one condenser. The 
number of sections required depends 
upon the accuracy desired and the 
dimensions and properties of the 
body to be investigated. 

In electrical parlance, the circuit is 
“lumped.” Actually, the R, C,-cable is 
replaced by lumped cable, which 
amounts to replacing the resistances 
and capacities of sections by resistors 
in series and corresponding condens- 
ers in parallel. 

When the area varies throughout the 
length of the member, the resistances 
and capacities vary also. This type 
of problem differs by plugging in the 
corresponding equivalent resistances 
Which differ from section to section 
as the area changes. Since resistance 
Varies inversely with the area, a larger 
Mount of resistors are needed as the 


_---Coordinate sections 
---Bar (to be heated) 


-~Hot plate 


(A) 


-Resisfor 


74 


_--- Condenser 


Electricity in 
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a bar that is long and rectangular. 

A long bar of rectangular cross- 
section is placed suddenly with one 
of its long faces upon a hot plate at 
constant temperature. The physical 
properties of the bar, including the 
boundary resistance, are assumed not 
to change with temperature. 

The analyzer again provides the 
means for obtaining the thermal his- 
tory of the bar up to and including 
the steady state. 

The bar is divided into a number 
of coordinate sections that are gen- 


erally but not necessarily uniform. 
Each of these sections has a certain 
heat capacity which in the Electrical 
Analyzer is represented by a con- 
denser of suitable capacity. The re- 
sistances are chosen in both directions 


and in magnitude to correspond with 
the thermal resistance in the bar. 
After the values for thermal resis- 
tances and capacities are set up in 
the analyzer, the current is applied 
and the rate of heat flow is obtained 


directly from the instruments. 

There are a number of practical 
applications for this type of flow such 
as the cooling effect of a long fin of 
rectangular cross section mounted on 
a hot surface or certain drawing and 


tempering operations accomplished by 


placing metal bars to be treated on a 
hot surface. 

In like manner, three-dimensional 
heat flow consists of dividing the 
body into cubical sections and set- 
ting up the resistances and capacities 
in their proper order in the analyzer. 

Connection and radiation are two 
basic means for the transfer of heat. 
Convection is a process by which heat 
is transferred between a surface and 


a moving fluid, neglecting the effect 
of radiation. The heat flow by con- 
vection is proportional to the area, 
temperature difference. and a coefh- 
cient. The evaluation of this coefficient 
is more involved than the coefficient, 
L + kA for conduction. It is possible 
to consider that heat flows within the 
fluid from molecule to molecule by 
conduction. 

Some adjustment is necessary when 
applying the Electrical Analyzer to 
this process. By combining the case 
of convection with conduction, solu- 


tions are obtained if conditions are 
reduced to the proportional law. Heat 
transfer from a moving fluid in a 
tube is a typical case of convection 
and is handled on the analyzer by 
setting up conditions similar to con- 
duction, assuming that the heat flow 
takes place in equal steps with con- 
stant flow of heat in each step. 
Heat flow by radiation is propor- 
tional to the area, temperature raised 
to the fourth power, and a coefficient. 
The net rate that a straight strip loses 
heat depends on the emissivity (ratio 
at which a given surface emits radia- 
tion to the rate at which a black body 
at the same temperature would emit 
radiation) of the surfaces, their rela- 


tive positions, and shapes. 

The solution to problems dealing 
with radiation by the analyzer is still 
in the state of development. The 
principle of operation is based on re- 
placing the differential equations by 
equations of finite differences, a pro- 
cess sometimes called step integration. 

The step method, as used in con- 
duction, illustrates this point between 
the two plates shown in Fig. 6. The 
amount of heat transferred from W 


Fig. 6—Element of circuit used in the study of radiation 


to w can readily be computed. Since 
sections are small, the curved portion 
can be considered straight without 
appreciable error and the tempera. 
ture is considered to be uniform. A 
net-work is then built up from ЈУ 
to successive sections x, y, and z on 
the curved plate. In like manner the 
procedure is repeated for X, Y, and 
Z respectively to each section on the 
curved surface. The network shown 
in this figure is for W and Z only, 
This method is largely one of tria] 


until the resistances and temperatures 


are related properly, and the final re. 
sults are obtained. 


Industrial Applications 


There are an infinite number of 
problems that can be handled by this 
method. Typical problems solved by 
the analyzer are: heat loss in steam 
pipe insulation, cooling rate in arc 
welding, summer cooling load and 
heat absorption of building walls, 
heat flow in and efficiency of open 
hearth regenerators, and thermal study 
of brakes. 


Many applications can be solved by 
the Electrical Analyzer. It can give 


answers to the following questions: 


1. Temperature change and lapse of 
time on the hot or cold surface or at 
any point within the body. 

2. Quantity of heat stored or lost 
in any interval of time after the ђе. 


ginning of the thermal time cycle. 


3. Investigation for best material 
available for job, or desired proper 
ties for a definite purpose. 

It is also possible to apply this 
Electrical Analyzer to problems re 
lated to chemical diffusion and to flow 


of fluids or mass transfer. The cor. 
relation between direct tests and the 
Electric Analyzer reveals very close 
agreement. The partial list of appli 
cations point the way to the possibili 


` ties and range of usefulness of this 


method, A limiting factor to the prac 
ticability of the analyzer is compli- 
cated boundary condition. 

Few plants could justify the installa- 
tion of the complete Electrical 
Analyzer equipment required together 
with a skilled operator to obtain satis 
factory results, In order to assist in- 
dustry. the facilities of the Heat and 
Mass Flow Analyzer at Columbia Uni- 
versity are available for technical in- 
vestigation on heat flow in solid mate- 
rials. however complex the shape or 
irregular the heating cycle. Dr. Pasch- 
kis is in charge of the technical and 
scientific work of the laboratory, and 
Prof. C. F. Kayan, Executive Secre- 
tary, is responsible for its adminis 
tration. 
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Saybolt Universal and Fural viscometers must be extremely accurate and should be checked periodically 


Selecting Lubricants 


Nocony-Vacuum Vil Company 


For Industrial Applications 


Eficient operation of bearings over wide temperature ranges, at 
extreme unit pressures or under other unusual conditions requires 
the use of a lubricant that possesses certain essential qualities. 
These are obtained by controls and additives in the refining 
processes, The significance of important properties of oils, the 


dfects of additives, and the correlation between the characteristics 
of the oil and operating conditions are discussed. 


INDING the correct lubricant 

is neither an arbitrary proce- 

dure nor a game of chance 
but is based on determining the re- 
quirements and knowing which of the 
tundreds of lubricants available will 
be the most efficient. Each oil is a 
specialized product suited for a spe- 
tiie application. Proper selection 
ually requires consultation with a 
lubrication engineer. 
Attention. to lubrication require- 
ments during the design period re- 
sults in a reduction of mechanical 
difficulties during service. However, 
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no lubricant can compensate for 
faulty design or poor bearing mate- 
rials. 

Lubricants must satisfy the follow- 
ing functions: provide a thin film be- 
tween the moving surfaces, remove the 
heat developed by friction, minimize 
wear and corrosion of parts, and 
protect the bearing against foreign 
matter. In addition, a lubricant must 
possess stability under varying con- 
ditions of operation. 

Lubricating oils of petroleum ori- 
gin are almost universally used be- 
cause of their availability and sta- 





bility. A lubricant can be either a 
liquid or a grease. Only the former 
will be considered here. Two types 
in this class are mineral oils and 
fixed oils. 


Mineral oils result from the refin- 
ing of crude petroleum and may be 
oi paraffinic or naphthenic origin. 
Eastern oils contain a large percent- 
age of paraffin hydro-carbons, West- 
ern oils have more naphthene, while 
the mid-continent oils have proper- 
ties lying between these two. Paraffin 
base oils are superior in resistance 
to oxidation. Their film rupture 
strength, regardless of viscosity, is 
about 4,000-5,000 lb. per sq.in. Spe- 
cific gravity and change in viscosity 
with pressure and temperature are 
lower for paraffin than for naphthene 
bases. For overall property charac- 
teristics the paraffin base is preferred. 

Fixed oils, which include animal, 
fish and vegetable oils, cannot be dis- 
tilled without decomposition. The 
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most common of this class of lubri- 
cants are lard, tallow, rape-seed, cas- 
tor and sperm oil They possess a 
high degree of oiliness, an unusually 
high film strength and an excep- 
tional ability to adhere to metal sur- 
faces. They are seldom used alone 
as a lubricant but are biended or 
compounded with mineral oils to im- 
prove viscosity-temperature and oili- 
ness characteristics. Addition of small 
percentages of three fatty acid to a 
mineral oil gives it the ability to re- 
main much longer and in more inti- 
mate contact with bearing surfaces. 

Viscosity is the term used to sig- 
nify the degree of fluidity of an oil 
at a given temperature. The most 
generally used indexes of viscosity 
are “Saybolt Universal Seconds” vis- 
cosity and S.A.E. numbers. The" for- 
mer is the number of seconds re- 


Table I—S.A.E. and Saybolt 


Universal Seconds Viscosity 





Numbers 
Viscosity— 
S.A.E. S.US. 210 
Number 100 deg. F. 130 deg. F. deg. F. 
10 90-120 
20 120-185 
30 185-255 
40 (low) 255- 







–780 

90 180-1475 
110 1475-2940 
160 2940-5800 
250 5800-10 , 000 


S.A.E. viscosity numbers from 10 to 40 
low are determined at 130 deg. F., those 
from 40 high to 80 are based on 210 
deg. F., while those from 80 to 250 are 
based on 100 deg. F. 

(doen i M ie meu e ur s s MM e t ништа. 


quired for 1 c.c. of the oil to drip or 
flow through a standard size orifice, 
the oil being at a specified tempera- 
ture. 

Saybolt Universal Seconds viscosity 
number or the S.A.E. number serve 
as a guide for reference purposes 
and are incorporated with the brand 
name of the oil. Thus an oil may be 
“Trade Name—58,” signifying that 
it has a 58 viscosity at 130 deg. F. 
and the “Trade-Name” identifies the 
process used in the refining of this 
grade. Table I shows the relation 


between the S.A.E. and Saybolt Uni- 
versal Seconds viscosity numbers. 
The Bureaus of Aeronautics, Ships 
and other Federal agencies use a sym- 
bol system for classifying lubricating 
A main motor, 


cils into 9 groups. 
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direct sleeve bearing may call for a 
symbol number 2190, the numeral 
two indicating the class of lubricating 
oil with a viscosity approximately 
190 sec. at 130 deg. F. The number 
is expressed as “two-one-ninety.” 

A steam turbine bearing, ring-oiled 
without cooling system, may have a 
symbol number 3080, that is, “three- 
zero-eighty.” This indicates a class 3 
oil having a viscosity of 80 sec. at 
210 deg. F. These symbol numbers 
tie in with specifications covering the 
physical and chemical characteristics 
of the oil, which are essential to the 
refiner when reproducing oil exactly 
like the oil previously used. 


Lubricant Control 


Lubricant contro] is still in the 
process of development. Addition of 
small percentages of chemical agents 
to an oil or compounding are very 
prevalent at the moment. These addi- 
tives must be compatible with the oil 
to which they are to be associated in 
order to serve their purpose of step- 
ping up the level of performance, or 
maintaining an adequate factor of 
safety. 

When it was discovered that cer- 
tain chemicals added to oils resulted 
in considerable improvements, further 
research led to the discovery of 
hundreds of new additives. All these 





are patented and claim distinctive ad. 
vantages for increasing the utility of 
the oil. 

Additives to mineral oils are made 
usually for one of the following rea. 
sons: to operate at higher tempera. 
ture, increase load capacity, lower 
pour point, improve viscosity. im. 
prove oiliness, or reduce oxidation. 


High Temperature 


A number of oils have been devel. 
oped for the higher temperature 
ranges, and are obtainable in differ. 
ent viscosities, which are approxi- 
mately 50, 160, 675, and 40,000 sec, 
at 210 deg. F. The viscosity selected 
depends on the method of lubrication 
employed. When using an oil can or 
mechanical lubricator the 50, 150, and 
675 are used; grease guns and pres- 
sure systems use the 40,000 viscosity. 
When the proper amount of lubricant 
is furnished to the bearing, a full. 
lubricating type of film will be estab- 
lished and the lubricant will disap. 
pear gradually and completely with. 
out depositing any solid matter on 
the bearing surfaces. 

These oils are used for bearings 
in furnaces, kilns or other bearings 
subjected to temperatures 400 F. and 
higher. 

Special lubricants known as EP or 
“Extreme Pressure” lubricants have 








Table II—Journal Bearings—Oil Lubrication 














Viscosity Viscosity 
Operating Conditions Lubrication System S.U.S. 210? Index 
Below 32°F. 
Mupr QN. e oorr ro Circulation, ring, or bath.... 45 122 
SP ey eer 43 36 
32°-140°F. 
Below 300 r.p.m........... кекен, 49 112 
ПОИ ИИО, eee m rtr 55 110 
MEN errr 50 85 
300-2000 r.p.m............ SI. noo wns canes eens 45 122 
Le ere 49 112 
свео: 50 85 
Above 2000 r.p.m.......... Circulation, ring, or bath.... 45 122 
MEER LL o qxbol 47 96 
140°-200°F. 
Below 300 e.pas.. .. ., . .... So 0 CPETPCRRUMPPPDCES 62 107 
300-2000 r.p.m............ NS horno 55 110 
Above 2000 r.p.m.......... КОНИ. о.е 19 112 
Below 300 r.p.m........... Bus qr ME ovis cbc csi 69 106 
300-2000 r.p.m............ О... еен 62 107 
Above 2000 r.p.m.......... O m 55 110 
O а а К окен гаќи 65 94 
Above 200°F. 
Below 300 r.p.m........... бА ендт: 122 101 
300-200 r.p. ............ M Lado o DOR KU GERADE S la 79 107 
Above 2000 r.p.m.......... Пт паша савске a 7 105 
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been developed for bearing surfaces 
that must operate at exceptionally 
high unit pressures. Such lubricants 
are available in three types, for mild, 
medium or heavy extreme pressure. 
The hypoid gear has been largely 
responsible for the development of 
EP lubricants. It is significant that 
by using an EP lubricant a given 
hearing can be run at much higher 
unit pressures. 

Commercial EP lubricants usually 
contain chemically active ingredients 
such as sulphur, lead or chlorides 
which in turn react with the bearing 
surfaces giving them a thin protective 
coating. It is estimated that bearing 
pressures may be as high as 200,000 
lb. per sq.in. Under such high loads, 
however, the extreme pressure causes 
the friction to heat the ridges on the 
bearing surface to welding tempera- 
tures, resulting in seizure. 


Pour Point 


Pour point indicates the lowest 
temperature at which an oil will flow 
readily. Present day applications en- 
counter temperatures as low as —70 
deg. F. At low temperatures the re- 
sistance to flow is caused by the for- 
mation of a waxy, crystalline struc- 
ture throughout the oil, which pre- 
vents its free flow to and over the 
tubbing surfaces. This condition can 
be corrected by adding to the oil small 
percentages of chemical agents which 
lower the temperature at which the 
crystals form. Such “pour point de- 
pressors” are used extensively. 


Viscosity 


An ideal lubricant from the stand- 
point of protective film, required be- 
tween moving surfaces, would be one 
in which viscosity changes little with 
change in temperature, and increases 
greatly with pressure. No such oil ex- 
ists, as all thin out at high tempera- 
tres and thicken at low tempera- 
tures, but their rates differ. For a 
given oil, its change in viscosity with 
changes in temperature is indicated 
by the ratio of the viscosity of that 
ail at 100 deg. F. to the viscosity of 
an average paraffin or average naph- 
thene oil at 100 deg. F., all three hav- 
ing the same viscosity at 210 deg. F. 
This ratio is called the “Viscosity 
Index” or V.I. number. 


Oiliness 
A high degree of oiliness is par- 
ticularly important when the bearing 


Wríaces operate at low speed, high 
Pressure or high temperature; when 
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the oil feed is limited; or when the 
formation of a complete oil film is 
difficult because of faulty oil distribu- 
tion. In general, the coefficient of fric- 
tion of a lubricant is inversely to its 
oiliness. Hence this property is of 
special importance in lubricants for 
the bearings of light machinery. The 
property of oiliness can be improved 
by adding small amounts of fixed oil. 


Oxidation 


Oxidation increases the acidity of 
an oil or promotes sludge formation. 
Either one or both may result. Acidity 
causes corrosion on the highly fin- 
ished bearing surfaces. Sludge may 
clog the circulating system. 

Although much of the oil constitu- 
ent that has an affinity for oxygen is 
removed during the refining process, 
all lubricating oils contain some 
amount of oxidation inhibitors. 
Further inhibitors or anti-oxidants are 
added to increase the resistance of 
the oil to oxidation. High tempera- 
tures accelerate oxidation of oil. 


Disadvantages of Additives 


Certain desirable qualities in the 
oil, which are lost during the refining 





Socony-Vacuum Oil Company 


Oxidation test to determine susceptibility of oil to deterioration 


process, are partially restored by ad- 
ditives. This, however, is not a cure- 
all method to step-up the shortcom- 
ings of a lubricant. Additives can be 
purchased for specific functions but 
they must be used with considerable 
discretion. Oils high in additives must 
be changed more frequently, result- 
ing in added cost. Often this disad- 
vantage and the inaccessibility of new 
supplies of the particular compound, 
present a serious problem. When the 
effectiveness of an additive has been 
exhausted through time or use, the 
oil reverts to its original characteris- 
tics and certain solids are formed. 
These are often abrasive in nature and 
have harmful effects on the life of the 
bearing. 


Filters 


The lubricant may carry foreign 
material, such as metal filings or 
small wear particles, to the bearing 
where it gradually becomes imbedded 
into the bearing material. Most lub- 
ricating systems have a filter to re- 
move such material. Unfortunately the 
filler may also remove additives that 
are in the solid state, held in suspen- 
sion. 

The flash point is the minimum 
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Fig. 2—Chart giving viscosity of oil for different size bearings at various speeds and 


operating temperatures 


temperature of the oil at which a 
flame held above the surface of the 
oil will cause a flash or slight explo- 
sion. The flash point should be as 
high as possible, but other character- 
istics of the oil should not be sacri- 
ficed merely to obtain it. A safe mini- 
mum may be taken as 300 deg. F. 


Selection 


The proper selection of a lubricant 
requires a correct survey of the fol. 
lowing conditions of operation: 


l. Type of bearing, plain, ball or 
roller. 

2. Bearing materials, 
and fit. 

3. Type of load, speed and pres 
sure. 


their finish 
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4. Method of lubrication. 

9. Surrounding temperature. 

6. Condition of air: clean, dirty or 
corrosive fumes. 

7. Service, continuous or intermit- 
tent. 

8. Provisions for retaining lubri- 
cant. 

9. Accessibility of bearing. 

10. Attendance by oil specialist or 
regular production operator. 


The Annular Bearing Engineers 
Committee determined that the many 
factors influencing the friction torque, 
energy loss and temperature rise in 
an oil-lubricated ball or roller bear- 
ing, make it impossible to give defi- 
nite recommendations for the selec- 
tion of lubricants for all applications 
of such bearings. 















Friction torque is lowest when the 
quantity of oil is just sufficient to 
form a thin film. The ideal for this 
purpose is a dense oily mist. In prac. 
tice, however, it is found that often 
an oil atmosphere is insufficient. 
Friction increases with the quantity 
of oil used and with higher viscosities, 

A first grade straight mineral oil is 
most satisfactory in the majority of 
cases, but one should be certain that 
it is free from any contamination that 
may cause wear, gumming or corro 
sion. At the same time it must be re. 
sistant to oxidation during operation 
and standing periods. Fixed oils, or 
mineral oils compounded with fixed 
oils, should never be used since they 
soon develop acidity and cause pit. 
ting, oxidation and formation of 
sludge. The graphs shown in Fig. 2 
can serve as a guide for the selection 
of oil for ball or roller bearings oper- 
ating under various conditions. 


Use of Chart 


EXAMPLE: Consider a bearing with a 
bore of 40 mm. (1.5748 in.) operating 
at 2,500 r.p.m. and 180 deg. F. The 
viscosity of the oil to be recommended 
is determined by reading across from 
the speed factor (40x2,500) of 100. 
000 to the diagonal and then vertically 
down intersecting a horizontal from 
180 deg. F. operating temperature. 
This gives an oil of 520 Saybolt Uni- 
versal Seconds viscosity at 100 deg. 
F. temperature. 

Temperature is probably the great- 
est factor in bearing failures. It is 
common practice to flood plain bear- 
ings with a lubricant when they heat 
up to assist in the transfer of exces- 
sive heat from the bearing. This pro- 
cedure is bad if carried over to ball or 
roller bearings as excessive lubricant 
increases the friction and temperature 
considerably. 

The user of the equipment, the lub- 
ricant supplier and the equipment 
manufacturer are vitally interested in 
the selection of the most efficient lub- 
rication. During wartime, increased 
production, changing personnel, and 
the necessity for new equipment have 
their share in the problem of the se 
lection. To partly offset uncertainties. 
some concerns put on the name plate 
of their machine, *Use X oil from 
ABC Co., or the equivalent." Certain 
companies buy oil on the basis of 
specification tests established by the 
A.S.T.M. or S.A.E., but some specifi 
cations are so narrow that they cal 
be met by only one lubricant, thereby 
excluding others equally good o 
possibly even better. 
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Higher Degree Equations 
Solved by Recurrent Methods 


W. A. DOUGLAS, II 


Recurrent methods furnish a direct approach in evaluation of 


mathematical expressions, commonly associated with engineering 
design problems, to any desired degree of approximation. Further- 
more, the method can be applied to many equations which are not 


PEED and accuracy are obtained 
~ in the solution of many equations 
by the use of a non-intricate 
method, the effectiveness of which 
does not depend upon the judgment 
and experience of the calculator in 
determining trial values of the vari- 
able. In solving an equation by re- 
current methods, only one trial value 
is assumed. This eliminates all need 
for guessing and estimating. The meth- 
od can be understood readily by fol- 
lowing the steps in the solution of a 
cubic equation. 
ExAMPLE 1. Solve the equation 
& + 0.2745 t = 0.441 (1) 


The first step in the procedure is to 
write the equation in the form 


ё = — 0.2745 t + 0.441 (2) 


Now. assume a trial value t, for t, 
and substitute this value in the right- 
hand side of Equation (2). The quan- 
tity so obtained is the cube of a new 
trial value t, for t, and the process 
is continued using t» instead of t, for 
substitution, obtaining a new value t, 





Trial No. 


"est t | | | | 5| |] |£5| 5 о 5 n9 
нити 
6... ..... 0... 0... .... 
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Table I—Solution of Equation (2) 


purely algebraic, as is shown by one of the illustrative examples. 






and so on. Table I shows the solution 
carried out to four steps, with the 
value of t approximating 0.643. A 
value for t equal to 0.642, which is 
correct to three places, is found by 
further recurrent calculation. 

This same problem was used in the 
article “Higher Degree Equations 
Solved by Trial and Error,” H. A. 
Bolz, p. 217, April, 1943. Propuct 
ENGINEERING, to illustrate the use of 
the “trial and error” method of solu- 
tion. As calculated by that method, 
with the same initial trial value and 
with the same amount of calculation. a 
value of t approximating 1$ or 0.688 
was obtained. which is in error by 
more than 7 percent. 

Before discussing the general appli- 
cation of recurrent solutions the fol- 
lowing example is given to show that 
the method is not limited to purely 
algebraic equations. 


ExAMPLE 2.—Suppose a band sup- 
ports a drum as shown in Fig. 1. If 
the length L of the band and the 
radius R of the drum are known, what 


(2) 





(3) (4) 












—0.2745 x (1) |(2) + 0.441) YO 
—0.2745 | 0.1665 0.550 
—0.1570 | 0.2900 0.662 
—0.1817 0.2593 0.638 
—0.1752 0.2658 0.643 


Trial No. (1) (2) (3) (4) (5) 

n On — 0.00873 X (1) | (2) + 2.429 | cot-(3) | (4) x2 
Se 90.0 —0.785 1.644 31.3 62.6 
риту 62.6 —0.547 1.882 28.0 56.0 
~ ON 56.0 —0.489 1.940 21.3 54.6 

.. 9 . • 
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is the angle @ included between the 
band at its supported end? With L 
equal to 8 ft., R equals to 1 ft. and @ 
in deg. the equation to be solved is 


8.00 = 2 cot (0/2) + 
0.01745 0 + 3.142 (3) 


4.858 = 2 cot (0/2) + 0.017450 (4) 


write this as 


cot (0/2) = 2.429 — 0.00873 9 (5) 


then, as before, a trial value 6, is 
chosen and substituted in the right- 
hand side of the equation. The quan- 
tity so obtained is put equal to cot 
(0/2) which gives a new trial value, 
and so on. Table II shows the detailed 
calculation with the initial trial value 
0, equal to 90 deg. In four steps the 
calculation gives 54.2 deg., while the 
correct result is 54.1 deg. This accu- 
racy is obtained despite the fact that 
the initial trial 0; equal to 90 deg., is 
obviously far off. 

The process which has been used 




















































Fig. 1—Drum of given diameter is sup- 
ported by a band of known length, prob- 
lem is to find the included angle formed 
by the band at the point of support 






to solve the equations developed in 
Examples (1) and (2) may be under- 
stood in general without difficulty. 
Suppose it is possible to write the 
equation which is to be solved in the 
form 


A(z) = B(z) (6) 
The solution of this equation is the 
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y 7-247 x 0441 


=В (х) 





Fig. 2—Graphic presentation showing 
how successive steps in recurrent method 
process converge upon a solution 





Fig. 3—Equation in which trail values 
are substituted should have smaller ab- 
solute value of slope in the region of 
the solution than does the slope of the 
equation from which x is solved 


value of x at the intersection of the 
curves 
y = A(z) 
and 
у = В(х) 
The process used in solving Equation 
(2) is shown graphically in Fig. 2, in 
which x replaces t as the variable. 
The points, the co-ordinates of which 
are marked, are those of the first two 
steps. It is evident from Fig. 2 that 
the process converges. 

It is only necessary in a similar 
problem that the equation y equals 
B(x) in which the trial values are 
substituted (written on the right-hand 
side of the equation in this article) 
should have smaller absolute value 
of slope in the neighborhood of the 
solution than the equation y equals 
A(x) from which x is solved. 

The rule concerning slopes in the 
preceding paragraph is correct gener- 
ally. To emphasize this: 

For convergence 

[slope of B(z)] « [slope of A(z)] (7) 
The curves for Equation (5) bear 
out the Relation (7), as may be seen 
in Fig. 3, where x replaces 0. Only the 
first step is marked. 

Ordinarily, whether an equation is 
written 

& = — 0.27451 + 0.441 
or as 


— 0.2745 t + 0.441 = # 
makes no difference. But here, since 
the convention is to substitute the 
trial values on the right, and solve 













„---(0.662, 0.2900) 


---(1,00, 0.1665) 






(62.6, 1.882) 









(62.6, 1644) 


--(90, 1.644) 


-----yacot $=A (x) 


for new values on the left, the sit- 
uation is changed. In solving an equa- 
tion there may be several possible 
ways of writing it in the form of 
Equation (6). Choose one of these 
ways. Plot roughly the functions y 
equals A(x) and y equals B(x) and 
determine whether the condition indi- 
cated in Relation (7) is satisfied. If 
the condition is satisfied, then, pro- 
vided y equals A(x) is readily solv- 
able for x in terms of y, the calculation 
can proceed. If the Regulation (7) is 
not satisfied, the sides of the equation 
should be interchanged. Observance 
of this arrangement will almost al- 
ways lead to a convergent process. 





















y=2.429~0, 00873 x= B(x) 













































Coated Copper Mesh 
Used for Gaskets 


COPPER MESH coated with synthetic 
rubber has survived exhaustive tests 
and is now standard equipment for 
gaskets in many airplane engines 
produced in this country, according 
to the Detroit Gasket & Manufactur- 
ing Company, originator of this de- 
velopment in gasket material. The 
fine screening is coated by the Good- 
year Tire & Rubber Company. The 
rubber-sheated mesh is less than 
0.0015 in. thick and 80-mesh copper 
screen is used. These gaskets are 
blowout-proof and are used to seal 
the crankcases of airplane engines, 


resulting in longer periods between 
gasket replacement. 

The wire used has a tensile 
strength great enough to withstand 
any pressure to which the gasket 
might be subjected. The synthetic- 
rubber provides the necessary binding 
medium for the wire mesh and the re 
siliency required for alignment in the 
assembly. The same principle in 
making gaskets may well presage 
longer life and lower oil consump- 
tion for postwar automobiles if the 
material is adopted in the design of 
these vehicles. 
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INDUSTRY AND SOCIETIES 


NEWS - READER LETTERS - MEETINGS 


Postwar Plans Begun 


By Industry and Business Committee 


ALTHOUGH THE PERSONNEL is still not 
quite complete the Committee for 
Economic Development has already 
begun to function as a body to pro- 
mote postwar planning on the part 
of individual concerns. The commit- 
tee's function is not to do the planning 
but to stimulate and aid companies to 
plan for themselves. 

Over a year ago, Paul Hoffman, 
president of the Studebaker Corp., de- 
vised the plan which the committee is 
now putting into effect. His reason- 
ing was that if commerce and indus- 
try would plan now to hold employ- 
ment and production rates at the 
highest possible levels during the im- 
mediate postwar period the impact of 
switching from war to peace activities 
could be kept at a minimum. Under 
Mr. Hoffman's guidance and the spon- 
sorship and support of Secretary of 
Commerce Jesse Jones, the present 
organization was established. 

The basic objective is to have each 
company, no matter how small, start 
as soon as possible to plan for peace- 
time activity. In order to make this 
planning as effective as possible the 
committee offers itself as a clearing 
house for information and guidance. 
Stress is laid on the necessity of small 
concerns doing their own planning 
instead of letting some official or 
agency plan for them. The committee 
feels that large companies can sup- 
port staffs to accumulate data and 
formulate plans, whereas small con- 
cerns cannot afford such activity. 

Heading up the committee’s organi- 
zation is a board of trustees, of which 
Mr. Hoffman is chairman. This group, 
together with the field development 
division, establishes the policies. The 
field development division is made up 
of a chairman and the twelve regional 
chairmen, one from each Federal Re- 
serve District. A research division is 


July, 1943 


made up of economists and social 
scientists from leading universities 
who have been retained to initiate ob- 
jective studies into principles of both 
government and business policy which 
would foster maximum productive em- 
ployment. Finally, an industrial advis- 
ory board acts in an advisory capacity 
to the field development division on 


postwar planning by industry, and 
secures data and case studies on this 
subject and on postwar markets which 
will be helpful to business generally. 

It is the industrial advisory board 
which, among other duties, will be 
concerned with designs of postwar 
products. Much of the information 
which this group will have available 
will be on materials and manufactur- 
ing processes. The board will also 
keep a list of industrial designers and 
consultants who will be available for 
advice. Through this board, too, the 
C.E.D. keeps trade associations ad- 





Cold Storage for Airplane Parts 


Important savings in time in 
the handling of airframe parts during 
the period between heat-treating and 
working of the parts in the fuselages 
and wings are being made with a re- 
frigeration room recently installed in 
the Aircraft Division of Hudson Motor 





Car Co. During the interval before be- 
ing worked, the aluminum alloy parts 
must be kept at very low temperatures 
to be “soft.” The temperature in the 
room averages 20 deg. below zero. 
Thus, many hours of re-heat treating 
of parts are saved. 
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vised of its work and seeks the coun- 
sel of such associations. 

Each regional chairman has a vice- 
chairman and together they appoint 
a district chairman for each 1,000,000 
population in the respective region. 
The district chairman, in turn, ap- 
points a chairman for each community 
in his district. Thus, the C.E.D. goes 
to the “grass-roots” of the economic 


life of the country, since it is the 
duty of the community chairman to 
push the C.E.D. program with con- 
cerns in his community. 


Regional chairman for the Second 
Federal Reserve District is James H. 
McGraw, Jr., president of the Mc- 
Graw-Hill Publishing Co. George F. 


Nordenholt, editor of Product Engi- 
neering, is chairman of the product 
development division of the industrial 
advisory board, the primary aim of 
which is to stimulate design activity 
on postwar products. 

Now being prepared for publication 
is a handbook for employers in which 
methods and formulas for postwar 
planning in small businesses are dis- 
cussed in detail. A case history is 
given by way of illustration to show 
how the methods can be worked out. 
Copies of this book may be obtained 


from community chairmen or from 
the C.E.D. headquarters, Room 3311, 


Department of Commerce Building, 
Washington, D. C. 


Discussions and Comments From Readers 


BRINELL TECHNIQUE ARTICLE 
RECALLS IMPACT LOAD TESTS 


To the Editor: 

I have read with considerable in- 
terest, the article, “Impact Loads De- 
termined by Brinell Technique,” by 
L. D. Hagenbook on pages 300-302 
of the May issue of Рворџст Exci- 
NEERING. This article brought to mind 
a series of tests I conducted a number 
of years ago with the Westinghouse 
company to determine the force of a 
hammer blow on the end of impulse 
turbine blades, when riveting the end 
of the blade over the shroud. 

We constructed a device, shown in 
the accompanying sketch, consisting 
of two spherical pellets accurately 
hardened and ground, mounted in a 
fixture which supported a shaft simu- 
lating a turbine blade. These pellets 
were made with a spherical surface 
of 52-in. dia. Using the Herz formula, 
given in Timoshenko’s “Strength of 
Materials,” page 556, we find that the 
diameter of the impression made by 
these pellets when in contact under 
load, is given by the following for- 
mula for two spherical surfaces: 


3 

A = 0.88 4/72 

2E 
where A = radius of impression in 
inches, D = diameter of spherical 
surfaces in inches and E = modulus 
of elasticity in pounds per square 

inch. 

A similar formula is also given for 
a spherical surface on a plain surface 


[PD 


A = 0.88 Mz 


This is useful when smaller loads are 
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encountered and the same pellets are 
to be used. 

In operation, we applied a very 
thin coating of prussian-blue pigment 
on one of the spherical surfaces. The 
unit was then assembled and the 
hammer blow applied, The prussian 
blue transferred from the initial 
sphere to the second sphere at the 
points where contact was made and, 
by using a divider, it was possible to 
measure accurately the diameter of 
the impression. Using the formula 
we could then determine the exact 
impact load applied by the hammer. 


In order to test the device we cali- 
brated it in a testing machine and 
found that the theoretical calculations 
were correct to within 5 percent and 
that by changing the constant to suit 
the errors in the manufacture of the 
pellets. a cubic relationship could be 
adhered to and an accurate result 
obtained. 


It may interest your readers to 
know that the force obtained from 
a 114-lb. hammer applied to the end 
of the rod, shown on the accompany- 
ing sketch, was between 12,000 and 


24,000 lb. This shows how terrific 


the forces can be when a fast moving 
object is stopped suddenly. 

The particular advantage of this 
measuring device is that these pellets 
can be used over and over again and 
their calibration remains the same, 


since the impression is made without 
permanent deformation of the spheri- 
cal surfaces. 

With the pellets shown in the sketch, 
having 52-in. dia. or 26-in. radius, we 
were able to measure forces between 


1.000 and 90.000 Ib. without any diffi 


cultv in measuring the diameter of 
the impression at small.loads without 
permanently deforming the pellets at 
high loads. W. A. WILLIAMS 

Methods and Development Engineer 


The American Pulley Co. 


MORE DISCUSSION ON METHOD 
FOR DETERMINING WR’ 


To the Editor: 


In reply to Mr. Bruckner’s comments 
on pp. 181-182 оѓ Ркорост ENGINEER- 
iNG for March, concerning my article 
on experimental determination of WR’, 
I thank Mr. Bruckner for contributing 
two additional experimental methods 
for determining WR*. However, I do 
not agree with the first equation as 
stated on p. 182, because the combined 
retarding torque x plus T, is greater 
than the unknown retarding torque x, 
therefore, the time tə in which the 
combined torque retards the assembly 
is less than the time t, required by 
torque x acting singly 

Since the total retarding torques 
and the measured times are inversely 
proportional, the correct equation is 
= = For zh = th + Th 
or zm Tu 

t= h 
The unknown inertia J, is calcu 
lated from the equation 
308 t (x + T) 
WR = ~ тим 
_ 1232 2 (2 + T) 
i S 

Mr. Bruckner also mentions the 

disparity of results obtained by the 
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two methods I described in the article 
“Нож to Determine WR^" on pp. 704- 
706 of December, 1942, Ркорџст 
ENGINEERING. If greater accuracy is 
desirable when the second method is 
used, it can be obtained as follows: 

1. By considering the friction torque 
of the load. The torque available for 
acceleration is equal to the average 
starting torque of the motor minus 
the friction torque of the load. Fric- 
tion power has previously been cal- 
culated as 7 kw. or 9.38 hp. Effective 
friction torque Tp in lb.-ft. at the 
motor shaft is 


5,252 X 9.38 
- z si 
Tr = 600 = 82.0 
Accelerating torque 7, in lb.-ft., 


then becomes 
Ta = Ts — Tr = 1,660 — 82 = 1,578 
and the new value of inertia is 

308 Tat 308 X 1,578 X 25 
pm a e 

= 20,200 

This answer compares more favorably 
with the answer of 18,200 lb.-ft^ ob- 
tained by the first method. 


2. By considering the effect of the 
drop in line voltage caused by the 
heavy starting current of the motor. 
Since the average starting torque is 
proportional to the square of the line 
voltage, the small drop in voltage 
may have a considerable effect on 
the torque. Considering the voltage 
drop would yield a lower value of 
WR. Unfortunately. the data neces- 
sary to make this calculation is not 


available. —L. H. BERKLEY 


To the Editor: 

In answer to Mr. Berkley’s reply to 
my comments on his experimental de- 
termination of R^, he is correct in 
pointing out that the larger combined 
torque results in a smaller time of 
retard. Therefore. my first equation, 
p. 182 of Propuct ENGINEERING for 
March, should have read as stated by 
Mr. Berkley: 

Ti 


ti — h 





However, Mr. Berkley’s expression in- 
volving the added torque T for finding 
the unknown WR? is unnecessary. 
The unknown WR? is simply 

30852 

== 

Next. considering the two electrical 
methods as originally given by Mr. 
Berkley: These are. first by meas- 
uring the retard time with motor 
idling; second, by measuring the 
acceleration time with motor at con- 
stant full line voltage or constant 
voltage tap. Mr. Berkley’s suggestion 
that the friction torque of the load 


WR = 


July, 1943 





be considered is well taken, since it 
reduces the disparity fully one third, 
so that either electrical method now 
gives a result only 5 percent off their 
mean, which is quite acceptable for 
most practical purposes. Note that 
the “friction torque of the load” de- 


ducted by Mr. Berkley is the friction 


torque of the combined motor and 
its driven load, enhancing the accu- 
racy of the method. 

In finding power from torque, or 
vice versa, the element of speed must 
always be considered. Mr. Berkley’s 
eq. (5) in his original article, p. 704 
of Pnopvcr EwciNEERING for Dec., 
1942, was evidently intended to read 

T 
Hp. = === Х т.рт 
"T4 

Mr. Berkley is to be congratulated 
for making an important contribution 
to the analvsis of power drives. Of 
more significance is the spotlight he 
casts on the importance of combining 
a few physical tests with mathematics 
for solving many of the problems 


which arise in industry. For example, 
in the present instance the classical 
attack would find the dimensions of 
all the parts and laboriously calculate 
the R^ by purely analytical mathe- 
matics. How much simpler to perform 
a few tests, in judicious combination 
with greatly shortened mathematical 
operations. 

While the discipline of restriction 
to purely analytical attack mav be 
necessary in college mathematics 
courses to inculcate a maximum of 
algebra and calculus in the short time 
available. it does tend to strait-jacket 
the student’s mind. A large variety of 
problems arises in practice which can- 
not be solved by any known purely 
mathematical operations. Often the 
number of unknowns far exceeds the 
few available equations, yet a definite 
numerical answer is wanted. In many 
such cases, a few simple physical 
tests. such as proposed in the present 
WR’ determinations. combine with a 
simple mathematical analysis to give 
a quick solution amply accurate for 
practical purposes. 

Since such solutions cannot be dug 
out of textbooks. the writer feels 
that a recital by other readers of their 
solutions of practical problems of this 
type would be especially useful in 
these times, when the war effort takes 
most of us into new fields. designing 
and developing machinerv quite differ- 
ent from our peacetime experience. 

—Rosert E. BRUCKNER 


To the Editor: 
Either one of the following expres- 
sions may be used to calculate the 


polar moment of inertia: 


WR? = 1,232 eer 7) (= 3 T) 
or 
hr 
ј у“ о 
WR? = 1,232 S 


In either case. the constant *1.232" 


is correct, and “308” is incorrect. This 
is because the change in speed is from 
S, the initial speed of the systém, to 
34S; thus S—34S = 14S. The deriva- 
tion of the second formula is then as 
follows: 

hz 

WR? = 308 — 

08 15 


~ ма 
= 1,232 S 


Mr. Bruckner is quite correct in 
stating that Eq. (5) in my original 
article should read 


Hp. X r.p.m. 


БУНУ „и 
— 5,252 
—L. H. BERKLEY 


ERRORS .NOTED IN ARTICLE 
ON BLACK-OXIDE FINISHES 


To the Editor: 

I have just received our copy of the 
May issue of PRopucT ENGINEERING. 
The condensation and make-up of 
the article, ^Advantages and Limita- 
tions of Black-Oxide Coatings," pp. 
294-297, was excellent. Here are a 
few corrections that should be made: 

Fig. 1 and Fig. 3. The vertical or- 
dinates should read “Wear Resistance 
—Cycles Taber Abraser.” 

Fig. 4. Part of the second line of 
the caption was repeated. The last 
sentence should read, “There was no 
lifting of the enamel with the black- 
oxide base.” 

Page 296. column 2, line 3, the 
word “cooled” should have been 
“coated.” 

Table III. There is no notation 
under the heading “Black Oxide” for 
the japan or refrigerator finishes. 
The words “No failure” should ap- 
pear in both cases. 

Fig. 5. The designations “phosphate 
base” and “black-oxide base” are 
reversed. They should read: (a) 
Phosphate base, (b) black-oxide base. 

—Epwarp A. PARKER 
Alrose Chemical Co. 


CORRECTIONS 


In the description of the Grinneil 
Company’s Superseal tubing connector 
on page 321 of PRopvcT ENGINEERING 
for May the sixth line of the item 
reads “greater heating area.” This 
should have been “greater seating 
area.” Also, the malleable-iron sizes 
are given as 55 in. O.D. and larger 
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where they should have been given as 
5& in. O.D. and larger. 

Several errors appeared in the item 
on page 320 describing the adjustable 
work lights. In the second line the 
name “Swivelite” should have read 
“Swivelier Work-Lite,” which is the 
registered trade mark. The last sen- 
tence states, “There is a choice of 
spring and socket combinations.” 
whereas this should have been “base 
and socket combinations.” The com- 
pany name should have been “Reli- 
ance Devices Co.” and the street 
address “510 Sixth Ave.” instead 
of “Lamp Devices Co., 410 Sixth Ave.” 


EXPLANATION OF OIL-FILM 
PRESSURE IS DISCUSSED 


To the Editor: 


In reference to the article, “Design 
of Self-Cooled Journal Bearings,” by 
Merhyle F. Spotts in the April issue 
of PnopvcTr EwciNEERING, I should 
like to bring up one technical point 
for discussion. In the section entitled, 
"Generation of Pressure Within the 
Film." Mr. Spotts evolves an explana- 
tion of oil-film pressure in a bearing 
by drawing an analogy between it 
and two flat plates separated by an oil 
film. He points out that, due to bear- 
ing clearance and journal load, the 
journal becomes eccentric to the bear- 
ing and the resulting oil film is wedge- 
shaped, as in Fig. 1. 

I have duplicated Mr. Spotts flat 
plate analogy in Fig. 2. I inferred 
that he claims that the relative motion 
between the bearing and journal is 
much the same as that of an aqua- 
plane skimming over the water. The 
aquaplane is at an angle of incidence 
to its direction of motion, and thus 
builds up pressure under the plane. 
It is with this last point that I wish 
to take issue. 

In the aquaplane analogy, in order 
to build up pressure it is necessary 
that the direction of motion of the 
moving surface be at an angle to the 
surface itself. However, once the 
shaft is in equilibrium, the motion 
of its moving surface is exactly paral- 
lel to the surface. This is obvious 
since the shaft is a cylinder rotating 
about its own axis. I have drawn 
what I believe to be the more correct 
analogy in Fig. 3. Here, the flat plate 
is replaced by an endless belt driven 
by pulleys. The lower belt surface 


is inclined to the fixed surface and 
there is an oil film between the two. 
Now the motion of the surface is 
exactly parallel to the surface and 
the aquaplane method of pressure 
generation cannot work. 
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To explain the phenomenon I have 
evolved the following theory: 

Let us look at the tapered oil film 
under a portion of the belt. Lubrica- 
tion theory generally assumes that the 
infinitesimal layer of fluid in contact 
with a surface moves with the velocity 
of that surface. Thus, it would seem 
that while the lower surface of the 
oil wedge is motionless the upper in- 
clined surface moves with the velocity 
of the belt V. Let us suppose that we 
can keep the belt motionless while 
the oil film keeps moving the way it 
did previously. Thus, we have a 
stream of fluid with a sort of lopsided 
flow going through a converging pass- 
age. We can get the same flow if we 
replace the film by one with a uni- 
form velocity distribution at all sec- 
tions equal in magnitude to the mean 
velocity at the corresponding section 
of the original oil film. Again, ac- 
cording to lubrication theory, the 
velocity variation from one surface to 
the other is linear so that the mean 
film velocity is one-half the film ve- 
locity or equal to one-half the belt 
velocity. Moreover, this seems to be 
the mean velocity at every section, 
since at every section the maximum 
velocity equals that of the belt, a 
constant. 

These conditions present the para- 











dox of a flow of liquid through a pass. 
age of varying cross section with a 
constant mean velocity at every sec. 
tion. This is in direct opposition to 
the continuity theorem of fluid flow, 
which states that for a steady state 
fiow of an incompressible fluid, the 
mean velocity at any section will vary 
inversely as the cross-sectional area, 
In order to make our analysis con. 
form to the theorem it is very likely 
that the velocity distribution of the 
film differs from that in our hypothe. 
sis—the difference would be such as to 
give constant rate of flow at all sec. 
tions, However, a tendency is there 
which might be described as trying 
unsuccessfully to force more oil 
through the narrower section than it 
can accommodate, and succeeding 
only in raising the pressure in the 
narrower section. 

Thus, we would expect the maxi. 
mum pressure to occur at the narrow. 
est section with non-parallel surfaces, 
In the case of the journal and bearing 
the surfaces are parallel at the point 
of minimum clearance. Therefore, the 
point of maximum pressure in the 
bearing would be in the region a bit 
before the point of minimum clear. 
ance in the *upstream" direction. 

—SrTANLEY P. CrLuRMAN 


To the Editor: 


If the inclined plate of Fig. 5 of 
my article in the April issue be con- 
sidered fixed, and the bottom plate to 
move to the left parallel to itself the 
relative motion between the two plates 
will not be affected. This is shown in 
Fig. A. When this figure is redrawn 
with all parts inverted it will appear 
as Fig. B, which is similar to Fig. 3 
of Mr. Clurman's discussion. Thus, 
in reality there is no conflict between 
Fig. 5 and the moving belt. 

Since the quantity of oil which 
flows past all cross-sections is the 
same, the velocity change for different 
heights in the film between the fixed 
and moving plate is non-linear. By 
considering the equilibrium of the 
shear and pressure forces which act 
upon the sides of a differential volume 
of the lubricant within the film at 
cross section x inches from the origin. 
the following equation can be derived: 


ao Wy 312) os - 
"o AAL hy) 


where u is the velocity of the film at 
distance y from the fixed plate, h is 
the thickness of the film at the cross 
section considered, and dp/dx is the 
slope of the film pressure curve for 
this location. 

Thus, the velocity is seen to consist 
of the sum of two terms. One of these 
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FIG. A— Inclined plate fixed, hori- 


zontal plate moving oppositely. 
Relative motions unchanged. 










^. 


FIG. B —Same as Fig. A, but drawn 
inverted. Also shows velocity distri- 
bution for different locations. 
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FIG. C — Oil film 
pressure along plate 











is linear with respect to y, while the 
other is parabolic, and may be plus 
or minus depending on the slope of 
the pressure curve. The pressure 
curve, which may be found by further 
mathematical analysis, is shown in 
Fig. C. 

Only at one location where the 
pressure is a maximum and dp/dx 
equals zero will the velocity change 
be linear. To the left of this point, 
dp/dx is positive and the velocity 
distribution is convex, as shown. To 
the right, dp/dx is negative, and a 
concave distribution results. Thus, 
the quantity of oil which flows past 
all points remains constant. 

—MERHYLE F. Sports 
































CIRCLE PROBLEM 
SUBMITTED BY READER 


To the Editor: 








I am submitting a geometrical prob- 
lem I recently encountered in my 
work. Although it looked somewhat 



















difficult at first sight, it worked out 
amazingly easy with the use of ana- 
lytics. The problem could also be 


solved by the use of trigonometric 
formulas, but since the somewhat un- 
conventional analytical method elim- 
inates all use of trigonometric func- 
tions it may sometimes be simpler. 
The problem reads as follows: 





Inscribed into a 3-in. dia. circle are 
two circles of 2-in. and l-in. dia., 
respectively, having their centers on 
the diameter of the 3-in. circle. Find 
the size of a circle which is tangent to 
all three circles, as shown in the ac- 
companying diagram. 

—Hans Jonas 
A. O. Smith Corp. 






Activities Among Technical Societies 


STANDARD FOR CYLINDRICAL 
FITS TO BE DEVELOPED 
BY A.S.A. 


Development of an American War 
Standard for cylindrical fits, includ- 
ing gage specifications, has been an- 
nounced by the American Standards 
Association as a forthcoming project. 
A joint request by the Automotive 
Council for War Production and the 
War Production Board led to the es- 
tablishment of this project. 

The present lack of a standard for 
cylindrical fits, including gage specifi- 
cations, is said to have an adverse ef- 
fect on war production. At a recent 
meeting held under the auspices of the 
Automotive Council it was generally 
agreed that “the practice of having 
each individual manufacturer deter- 
mine the supplemental data for his 
own interpretation of dimensions on 
drawings results in discrepancies large 
enough to account for many of the 
difficulties that exist between various 
suppliers, sub-contractors and pro- 
curement agencies which have not, 
among themselves, agreed upon a 
single system for gaging inspection.” 
It was also agreed that a national 
standard in this field “would be im- 
mediately useful during the war, both 
as a basic reference for the design and 
production man alike, and as a prac- 
tical tool to be applied concurrently 
with various routine changes in prod- 
uct design and tooling. It could also 
be used in new manufacturing proj- 
ects that may be undertaken during 
the remainder of the war and could 
find industry-wide application after 
the war.” 


AIRCRAFT FASTENER 
DIVISION ESTABLISHED 


Organization of an Aircraft Fastener 
Division of the American Institute of 
Bolt, Nut and Rivet Manufacturers, 
has been announced. The decision 
to establish a separate organization 
dealing with aircraft fasteners re- 
sulted from numerous requests for 


information or cooperation on the sub- 
ject of aircraft fasteners. Some of the 
questions that have come up have 
been in connection with steels, cad- 
mium plating, plating tolerances, de- 
carburization, dimensions, tolerances 
and sources of supply. 


100-DEG. FLUSH HEAD 
PHILLIPS RECESS SCREW 
STANDARD IS REVISED 


Revision of specification NAS-205 
“Screws—100-Deg. Flush Head Phil- 
lips Recess, No. 10-32” has been an- 
nounced by the National Aircraft 
Standards Committee of the Aeronau- 
tical Chamber of Commerce of Amer- 
ica. Included in the revised specifica- 
tion, dated Mar. 5, is head height. 

The number of sources from which 
the NAS series of recessed head 
screws may be procured has been in- 
creased by information received sub- 
sequent to the issuance of the Source 
of Supply List dated Mar. 10, 1943. A 
revised complete list, covering Phil- 
lips and Frearson Recessed Heads, is 
available. 





Do You Know That— 


FUNGI ATTACK ALL woops, but affect 


sapwood to a greater extent than 
heartwood. (22) 


TINY GLASS JEWELS, formed under 
heat and polished by flame, have re- 
placed sapphires as bearings in the 
manufacture of many combat instru- 
ments for the Army and Navy. (23) 


AIRPLANES can be sewed together at 
speeds as fast as 1,800 welding 
“stitches” a minute with the aid of 
electron tubes, much like those used 
in an ordinary radio set. (24) 


DowELs MADE OF Woop are used for 
all connections in the construction of 
laminated wood pipe. (25) 
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Books and Bulletins 





Dictionary of Science 


And Technology 


Maxim NEwMARK—386 pages, 6x9 
in. Red clothboard covers. Published 
by Philosophical Library, Inc., 15 E. 
40th St., New York, N. Y. Price $6. 


About 10,000 English terms most 
frequently used in the physical sci- 
ences and their applied fields, together 
with separate indexes in French, Ger- 
man and Spanish, are contained in 
this dictionary along with conversion 
tables and technical abbreviations. 
The author’s work as an instructor at 
Brooklyn Technical High School in- 
dicated to him the need for an up-to- 
date volume such as this one. Terms 
are included from all branches of the 
physical sciences and technology, with 
particular emphasis on those used in 
the entire course of study at the 


Brooklyn Technical High School. 


Principles of Electricity 


WerNpELL Н. Cornetet and DawiEL 
W. Fox—255 pages, 64x10 in., 233 
illustrations. Paper covers. Published 
by McKnight & McKnight, Blooming- 
ton, Ill. Price $1.60. 


Although the authors, who are on 
the staff of the Huntington East High 
Trades School, Huntington, W. Va., 
wrote this book as a course for pre- 
induction training, it will provide an 
excellent refresher course for one who 
wishes to go over the fundamental 
principles. The material is written in 
a very simple style, with all new words 
used in a chapter grouped together 
and defined. Directions are given for 
carrying out simple experiments, The 
book will be found too elementary for 
those who have a good electrical back. 
ground, but it will be of value to 
technical men who want an organized 
review of electrical principles. 


Empirical Equations and 
Nomography 


Date S. Davis—200 pages, 6x9 in. 
Blue clothboard covers. Published by 
McGraw-Hill Book Co., 330 W. 42nd 
St., New York. Price $2.50. 


Rectification methods for express- 
ing empirical plotted curves as mathe- 
matical equations are presented in an 
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orderly and systematic manner. Meth. 
ods of applying ten types of equations 
to the most common forms of empiri- 
cal curves are described clearly and 
concisely with illustrations. The 
method of averages is used in most 
instances but the method of least 
squares is also explained. For in- 
stances where these ten types of equa- 
tions are inadequate, several new 
techniques are described for two-vari- 
able data. Three-variable correlations 
are also placed on a firm and feasible 
basis. 

The theory and construction of 
alignment and line coordinate charts 
is described briefly and independently 
using the more familiar geometric 
approach. Attention is called to their 
value in solving empirical three-vari- 
able equations, Construction and de- 
sign of special slide rules are also 
described. The book was prepared 
for teaching the two subjects and 
contains numerous problems. It is 
also a valuable addition to an engi- 
neers library, particularly for its 
presentation of methods for writing 
empirical equations. 


Copper and Copper-Base 
loys 


К. A. Wirkrins anp E. S. BuNN— 
355 равеѕ, 81х11 in. Green cloth- 
board covers. Published by McGraw- 
Hill Book Co., 330 W. 42nd St., New 
York, N. Y. Price $5. 

Intended for use by engineers in 
sclecting copper-base alloys. this book 
presents the properties of hundreds 
ef alloys. largely by graphs and 
tables. Graphs for the most part show 
how the alloys are affected by cold 
rolling or cold drawing and by an- 
nealing at various temperatures. The 
style of presentation of this compre- 
hensive summary is that used by 
Propuct ENGINEERING for a portion 
of the alloys in a series of articles 
during 1941 and 1942. 

The graphic data covers eleven 
classes of alloys in as many chapters. 
Three concluding chapters consist of 
a series of tables giving (1) low- 
temperature mechanical properties, 
(2) fatigue and  corrosion-fatigue 
properties and (3) bending proper- 





ties of all classes of alloys. This is 
followed by a bibliography of 89 ref. 
erences, appendices listing applicable 
test methods and definitions of terms 
A 20-page index lists alloy properties 


Heating, Ventilating 
And Air-Conditioning 
Guide, 1943 


Published by American Society 
of Heating and Ventilating Engineers, 
51 Madison Ave. New York, N. Y. 
1.250 pages, 6x9 in., illustrated. Price 
$5: with thumb index $5.50. 


Sections on technical data, includ- 
ing reference material on the design 
and specification of heating, ventilat- 
ing and air-conditioning systems, 
transactions, investigations of the re- 
search laboratory and cooperating in- 
stitutions and the practice of the 
members and friends of the society; 
manufacturers’ catalog data; and 
membership roll of the society make 
up this 2lst edition of the guide. 
Complete indexes of the technical and 
catalog data sections are provided. 


Welded Steel Tubing 


Published by Formed Steel Tube In- 
stitute, 1621 Euclid Ave., Cleveland, Ohio. 
20 pages, 82x11 in., illustrated. 


This manual was prepared to furnish 
complete information on welded steel 
tubing to manufacturers and users of all 
tvpes of heat-transfer equipment. Data 
on standard dimensions and properties 
are presented in tabular form. One sec- 
tion is devoted to the manufacturing 
process, 


American Standards 


Published by the American Standards 
Association, 29 W. 39th St., New York, 
N. Y. 20 pages, 734x10% in. 


More than 600 of the association's 
standards covering various branches of 
engineering as well as metals, other ma- 
terials and methods of test for finished 
products are noted by subject in this 
April 1 issue of the price list. 


Manual of Extruded Plastics 


Published by R. D. Werner Co., 380 
Second Ave., New York, N. Y. 44 pages, 
814x11 in., illustrated. Price $5. 


This is one of most concise pieces of 
literature on the subject in existence. 
Starting with a brief dissertation of the 
structure of plastic materials, the reader 
i: led through a discussion of the various 
thermosetting and thermoplastic та 
terials and methods of forming to the 
final section on machining and welding. 
Emphasis is placed on the thermoplastic 
materials and shapes that can be ex 
truded from them. Tables of general 
properties are also included. 
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Engineering Design 
—Creator of America’s Mechanized Might 


In war, as well as in peace, the desi gn en gineer is the vital 


link between the inventive mind and the 


mass-production reality 


———— —— ———H 








1 1s gratifying and interesting to note that reports of new 
беле weapons" not only have reversed their course 
during the past few months . . . they also have increased in 
frequency. Once they filled us with dread and misgiving. 
Today the enemy does the worrying. 


Word about the latest new Army weapon reached us as 
2 


| this was being written ...a 22 ton truck that performs оп 


water as well as on land with equal efficiency. "The Duck", 
resembling an overgrown amphibious jeep, is particularly 
suited to landing operations where docks are lacking. 
Loaded with 20 fully equipped soldiers or their equivalent 
in supplies, its propeller runs it ashore. It climbs the beach 
on its six-wheel drive and continues the trip on land. 

This important addition to 
our "second-front" fighting 
equipment, coming so closc- 
ly on the heels of the now 
famous tank-killing “Bazoo- 
ka”, is one of many history 
making contributions of 
American design engineers — 
the men who transform neb- 


realities — the men who make 
our war machines superior to 
those of our enemies. 
Invasion and eventual vic- 
tory became a certainty as 
soon as America’s design en- 
gineers threw their full effort 
into the war against aggres- 
sion. Adapting intricate ord- 
nance designs to mass production, these men developed 
weapons such as the M-10 destrover of Rommel’s tanks 
and brought out the new fighting planes and bombers 
that have won the air superiority that has turned the tide 
against the Axis. ‘Taking ideas and giving them form, select- 
mg the materials of. construction, deciding upon the 
method of fabrication. adapting the electrical and mechani- 
cal parts that power the product, specifving the finish that 
protects and beautifies it . . . these men are the focal point 
of American production. Their ingenuity has no parallel. 
Once they put automobiles on a mass production basis and 
within the reach of all. Today, after less than three years 
and with little previous experience in armament design, 












This is the thirteenth of a series of edito- 
rials appearing monthly in all McGraw- 
Hill publications, reaching more than 
one and one-half million readers. They 
are dedicated to the purpose of telling 
the part that each industry is playing in 
the war effort and of informing the pub- 
lic on the magnificent war- production ac- 
com plisbments of America's industries. 


they have brought America's war weapons to the highest 
cfhciency ...surpassing Hitlers weapons despite all the 
vaunted scientific wizardry of the Germans and their ten 
year start. 

At this point it is well to remember that while Ger- 
many's military might is traceable to its superiority in 
armament, many of the basic technological discoveries 
(including the airplane and the submarine) are the prod- 
ucts of American genius. The Germans always have been 
aware of the military advantages of technological superi- 
ority and have forced its expansion with all their might. 
They knew that mobility and surprise play a decisive role 
in modern warfare and their design engineers were kept 
busy, with unique intensity, 
to achieve unprecedented re- 
sults in fast-moving, hard- 
hitting fighting equipment. 
Our own military and indus- 
trial engineers did not go into 
action until it became certain 
that we would be involved in 
the conflict. But even before 
our country actually embarked 
on its Preparedness Program 
they were busily engaged in 
developing the designs of our 
war equipment. Tanks, planes, 
guns, ships and hundreds of 
other apparatus and machines 
of war were studied. Carefully 
selected committees of our 
national engineering societies 
were organized under the leadership of the Army Ord- 
nance Department to serve as advisors and consultants in 
the development of advanced designs of tanks and other 
motorized equipment of war. The above mentioned “Duck” 
and the now famous Sherman tank are just two of the 
many results of these efforts. 

After the Preparedness Program had officially been 
launched and Congress had made its initial appropriation, 
it was necessary to create the manufacturing blueprints 
from which the engines of war could be built. Because 
the designs of the machines of production, as well as the 
designs of the products themselves, determine the speed 
and economy with which anything can be manufactured, 











the capacity of our industrial system is dependent, to a 
considerable extent, upon the ability and ingenuity of 
American design engineers. Germany's military might was 
successfully mechanized because Germany, for more than 
10 years preceding the war, was riding the wave of a world- 
wide technological revolution. This revolution was as far- 
reaching as the advent of the electric motor and the intcr- 
nal combustion engine. It was born of the profusion of 
inventions and discoveries since the last war. German 
design engineers took advantage of every one of these. 

If we are to defeat our enemies and if we are to continue 
to play the leading role in the post-war world we must 
make better use of the new technology than do our enc- 
mies. The job is up to American product engineers who 
already have made tremendous strides in designing the 
intricate machinery of production and of war equipment. 
Much remains to be done however. 


It has been said that the Germans have not developed 
one single item that can be classified as basically original, 
nor are there indications that any so-called "secret weapon" 
will henceforth be developed by them. Today the Nazis are 
completely outclassed by the tremendous manpower of engi- 
neering brains that is at the disposal of American industry. 
Although we were faced by the same fundamental prob- 
lems of shortages in materials, manpower and time, our 
engineers not only solved these problems quickly and effec- 
tively, but they outstripped the enemy by the preponderant 
weight of talent which we were able to bring to bear upon 
our problems. As is evidenced by studies of the designs of 
captured German war equipment, our airplanes are faster, 
carry heavier loads, have superior protective armor and heav- 
ier armament. Our tanks, especially the Shermans, stand un- 
matched. Our tractor-mounted artillery excels theirs in 
fighting power. Our automotive vehicles are the envy of 
the world. Our battleships are supreme. Our signal and de- 
tection devices are frustrating all of our enemies’ attempts 
to dominate the seas. 

And as we approach the end of the conflict, the pattern 
of which already has been set, the forces that converted 
American industry from peace to war-production will again 
be brought into play, and the product engineer will con- 
tinue to be the fulcrum. Our post-war industry will grow 
from his blueprint. Nor will his job be any less urgent, any 
less responsible, any less sweeping in its effects than were 
his efforts during the war-preparedness program. 

Since the cessation of the manufacture of peace-time 
goods, many new materials and production techniques have 
been developed. Plastics, synthetic rubber and magnesium 
in the field of materials were relatively new and restricted 
in their uses when war came. So were powder metallurgy, 
induction heating, electrostatic heating, adhesives for join- 
ing metals and compressed sesie-inapenguated wood. The 
new possibilities in product design created by the electronic 
devices and applications developed during the war period 
virtually stun the imagination and the “atomic revolution” 





promises to change the entire pattern of тапи! acturing f 


operations. 

Never before has there been so much speculation abo 
the future as there is today. Looking forward, who cap 
doubt our limitless capacity to continue our industrial 
world leadership? 

While no one can predict developments in product de. 
sign in the post-war period, certain it is that they will be 
so vastly different and so far superior to existing design: 
that they will obsolete most products as we know them 
today. With engines of vastly superior metals, designed ty 
burn 100 octane gasoline and built to a precision ten time 
greater than that of pre-war engines, our post-war automo. 
biles will give from 40 to 60 miles to the gallon. Tires wil 
last from forty to fifty thousand miles. The comfort ani 
smoothness with which these cars of tomorrow will glide 
along are undreamed of today. Polaroid windshields wil 
eliminate the glare of oncoming headlights and the drive 
will need to give but scant attention to the manipulation 
of his simplified gear shifts. 

According to no less an authority than Igor Sikorsky, we 
stand on the threshold of a new air age in which the hel: 
copter will contribute to the greatest prosperity we have 
ever known. 


Prophecies are hard to make at a time like this but 
speedy house building seems to be a certainty in the work 
of tomorrow. Air conditioning, new methods of heating 
humidifying and drying, promise to be necessities in the 
post-war home. Vacuum sweepers will be much lighter, les 
noisy and easier to manipulate. Washing-machines will 
fully automatic and practically free of noise and vibration 
Not only will our homes and most of the furnishings be of 
radically new design, but so will the factories and machine 
that produce them. 


Only one factor can prevent the fulfillment of the dream 
of the product designer. His job is not accomplished ove 
night. To convert sound ideas into production blueprint 
involves a gre: at deal of time and money. The building of 
test models is an expensive and tedious procedure. An 
abundance of seed money is required to perfect the prot 
uct, to develop mass-production methods and to bring itt 
fruition as a finished saleable product. 

It is the patriotic duty of every industrial leader t 
hasten these developments so that the material benefit 
created by them may speed our progress along the road o 
abundance. 





President, McGraw-Hill Publishing Company, Inc 
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NEW MATERIALS AND 


Motors Are Interchangeable 


After 30 months of development, a 
new line of electric motors, known as 
Uni-Shell, in which all motor types 
in any one frame size are interchange- 
able, has been announced. The mo- 
tors are built within cylindrical shells 
of steel. In any one frame size the 
shell dimensions, head fit, bolt-circle 
holes, shaft size and conduit box 





mounting are identical for all types. 
This is true of polyphase induction 
motors, capacitor induction motors, 
standard d.c. motors, and generators, 
repulsion induction motors and other 
types. Particular attention was paid 
in designing the motors to bearings 
and insulation. Static, commercial and 
special dynamic rotor balances are 
available. Robbins & Myers, Inc., 
Dept. 25-M, Springfield, Ohio. 


New Process Blackens 
Copper by Direct Oxidation 


Wrought and cast copper alloys 
ranging in copper content from 70 to 
100 percent may be given a black 
adherent oxide finish by direct oxi- 
dation with the Ebonol *C" process. 
Normal procedure consists of alkaline 
deaning, bright-dipping or chromic- 
acid etching, followed by blackening 
in a solution of Ebonol *C" salt at 
a temperature of 200 to 218 deg. F. 
Blackening is accomplished in from 
3to 5 min. for pure copper and high- 
copper alloys and in from 10 to 25 
min. for alloys ranging from 70 to 80 
percent copper. Dull black finishes 
are obtained by wiping with a black 
cloth for large objects, or by a dry 
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sawdust tumble for 
Glossy finishes are 


small objects. 
obtained by 


lacquering, oiling or waxing. The 
coatings range in thickness from 


0.00005 in. to 0.00001 in. Dimensional 
changes are approximately 0.00005 
in, The finish is jet black, stable, will 
withstand severe deformation and 
temperatures up to 500 deg. F. The 
finish serves as a base for organic 
finishing. Any metal capable of being 
copper plated can be given a black 
coating by this procedure. Enthone 
Company, Dept. D. New Haven, Conn. 


Self-Stabilizing Relief Valve 


Operated by hydraulic balance, a 
self-stabilizing relief valve has one 
spring to control pressure from 0 to 
3,000 Ib. Operation is such that the 
pressure gage remains constant re- 
gardless of the variation in pump 
speed. The valve is furnished for use 
with all standard tubing sizes, and 
for internal or external pipe threads 
or, flanged ends. Merit Engineering. 
Inc., Dept. P, 40 Clifford St., Provi- 
dence, R. I. 
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Multiple Speed Pushbutton 
Control 


Up to five speeds are available on 
a single button in a pushbutton mul. 
tiple-speed control which has recently 
been announced. The accompanying 
illustration shows a battery of these 
buttons mounted in a pendant. Each 
button provides one to five speeds on 
the device controlled. As the button 








is pushed in it moves a metal cylinder 
te wipe over a succession of contacts. 
The contacts are steel balls mounted 
on springs that are stiff enough for 
the operator to “feel” the successive 
contacts. 
Works, 
Mich. 


Northern Engineering 
2615 Atwater St, Detroit, 


Coolant Pumps 


Three new coolant pumps, designed 
to conserve critical materials. are 
available in 17 standard sizes each. 
Interchangeability with other makes 
of similar pumps is permitted. Model 
VBD has three outlets to permit pip- 
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ing on either right or left side, or 
back into the coolant sump through 
the intake bracket. Model VA is used 


where submersion in the coolant pump 


is more practical or less objectionable 
than outside mounting would be. 
Model VC was designed for external 
use in cases where a tank cannot be 
utilized efficiently, mounted with 


either vertical or horizontal brackets. 


Pioneer Pump & Mfg. Co., Detroit, 
Mich. 


Light-Dispersive 
Incandescent Lamp 


Dispersion of the light produced by 
an incandescent lamp is one of the 
main features of Verd-A-Ray lamps. 
The dispersive inner surface of the 
lamp, combined with an enamel fused 
on the outer surface, eliminates the 


“spot” brightness characteristics of 
an ordinary frosted lamp. This is in- 
dicated in the accompanying illustra- 
tion. The enamel coating has an in- 
dex of refraction materially different 
from that of the glass, and a reflective 
green pigment in the enamel allows 
a total light emission equal to from 





85 to 95 percent of that of an other- 
wise similar unpigmented bulb. The 
object of the development of the Verd- 
A-Ray lamp was to produce a bulb 
which would reduce the intensity of 
the relatively harmful wave lengths at 
the extremes of the visible spectrum, 
thereby increasing the yellow-green 
range which is regarded as ideal. The 
net result in workers is to reduce the 
consumption of Vitamin A which cuts 
down fatigue from eyestrain. Save 
Electric Corp., Toledo, Ohio. 


Compression Spring Tester 


Measurement of recoil pressure of 
a spring when compressed to any pre- 
determined length and accurate match- 
ing of sets of springs are simplified 
with a new spring tester. Compression 
springs in sizes up to 2-in. dia. and 
744-in. length can be handled in the 
device. The unit is operated with any 
accurate standard torque wrench, 
which serves also as the measuring 
element. A sound device is used 


460 





to indicate when the spring has been 
compressed to the test point. Com- 
pression of the spring is against a 
rigid platform to prevent accumulated 
errors in readings. After inserting the 
spring to be tested in the unit the 
operator watches the dial on the tor- 
que wrench. When the point is reached 
at which the recoil pressure of the 
spring is to be measured the sound 
device operates and the operator takes 
his reading from the scale or dial on 
the torque wrench. P. A. Sturtevant 


Co., Addison, Ill. 


Solenoid Contactor 


For remote control of aircraft en- 
gine starter motors, the Type B-8 
solenoid contactor is offered. It per- 
forms a function similar to that of the 
Type B-4 contactor, with which it is 
interchangeable on intermittent duty 
applications. The contacts of the B-8 
close at 6 volts, whereas on the B-4 
type, the contacts close at 18 volts. 
In addition, the B-8 unit weighs ap- 
proximately 34 lb. less than the B-4 
unit. The B-8 has a single-pull con- 
tactor with double brake, normally 
open contacts and is described as be- 
ing so constructed that the contacts 
do not chatter as a result of voltage 
drops. Contacts are rated at 200 
amp. The unit operates at 24 volts, 
d.c., intermittent duty, and draws 3 
amp. at this voltage. Vibration re- 
sistance exceeds 10 G. Guardian Elec- 
tric Mfg. Co., 1629 W. Walnut St., 
Chicago, Ill. 


Tandem Power Rheostats 


Assemblies of two or more power 
rheostats connected in tandem are 
made up of two 25-watt or two 50-watt 
rheostats rigidly coupled together and 


held in a metal cradle. The usual one. 
hole mounting and locking-projection 
features are retained. The individual 
rheostats can be of any standard re. 
sistance value, taper, tap, and hop-off, 


and all] units go through the same de. 
gree of rotation as the single shaft is 
turned. The units are insulted from 
each other and from ground. Claro. 


stat Mfg. Co., 285 N. 6th St., Brook. 
lyn, N. Y. 


Lightweight | Autotransformer 
Available in Two Models 


For use on military and commer. 


cial aircraft, an indicator-light auto. 
transformer is available in two mod. 
els. Weight is 1314 oz. and dimen- 
sions are 214 х 314 х 1% in. The units 
are made to resist vibration and corro- 
sion. Operation is satisfactory at alti. 


tudes to 60,000 ft. and at ambient tem- 
peratures from —40 deg. F. to 140 
deg. F. A 30-volt-ampere output at 
3.01/1.5 volts, capable of operating 52 





0.19-атр. Т-114 bomb-indicator lights, 
is furnished by either the 115-volt or 
the 26-volt model. Both models operate 
from a 400 cycle, single phase supply. 
A 1.5-volt tap is provided for dim 


ming the indicator light. General 
Electric Co., Schenectady, N. Y. 


Small Relay 


Developed primarily for use in air. 
craft, but useful for control applica 
tions in many other fields, is a line 
of small, sensitive and rugged relays 
known as Class “F”. Features are 
twin contacts, “built-in” vibration rte- 
sistance, and a wide range of operate 
and release speeds. Typical assem 
blies, having a maximum of six contact 
springs, are 34 x 1% x 1% in. and 
weigh 1 2/3 oz. Assemblies with 
maximum capacity of 12 springs a 
slightly larger and weigh about 2 %. 
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Relays can be supplied with any 
number of springs up to the maximum 


and with any combination of “make”, 


“break” and “break-make” contact ar- 
rangements. Vibration resistance is 
rated at 10.5 G. Twin contacts, on 
springs of special design, will make 
or break l-amp. non-inductive, or l5- 
amp. inductive, load and carry 2 amp. 
Operate speed ranges from 2 to 16 
milliseconds, release speed ranges 
from 5 to 85 milliseconds. Coils are 
available from 150 to 3,500 ohms for 
operation up to 48 volts, d.c. Other 
features include resistance to hu- 
midity, to temperatures from —40 
to 130 deg. F. and to insulation test 


voltages up to 500 volts. Automatic 
Electric Co., Chicago, Ill. 


Locking System 
For Threaded Inserts 


Based on a locking ring which is 
serrated inside and out, the Rosan 
locking system holds studs and in- 
serts in place. The locking ring is 
driven into the material and the outer 
teeth broach their way into the base 
material when struck with a hammer 
or a drive tool. The inner teeth of the 
locking ring engage a serrated collar 


Inser? and 
locking ring 


Locking ring 
/ 
, 


Threaded 
insert “о 


9n the insert or stud. The crests of 
the serrations on the locking ring are 
rounded to prevent possible failure of 
soft material. Bardwell & McAlister, 
Hollywood, Calif. 
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Hardness Gage 


Rapid testing of aluminum and its 
alloys to determine their hardness is 
facilitated with a new gage. The de- 
vice has a penetrator with four con- 
tact points, each of different lengths. 
The load spring is adjusted to show 
the desired number of impressions 
on a sample of known hardness. 
Thereafter, variation from this hard- 
ness will be indicated by more or less 
impressions. Readings are taken by 
simply counting the number of im- 
pressions left on the work. A dial 
indicator which provides a direct 
reading of the impression is optional. 
Thicknesses up to 14 in. can be ac- 
commodated. Although the gage was 
especially developed for use on alum- 
inum and its alloys, it will function 
equally well on other metals, except 


those of extreme hardness. R. A. Web- 


ster, 422 20th St, Santa Monica, 
Calif. 





Small Resistors 


For applications where available 
area is small and the weight factor 
important, In-Res-Co resistors are de- 
signed for accurate operation. Two 
types are available. Type P-2 has a 
lo-watt rating with a maximum re- 
sistance of 500,000 ohms, measures 
9/16 in. long with a diameter of 
9/16 in.; Type P-4 with a 1-watt rating 
has a maximum resistance of one meg- 
ohm and measures 1 in. long and 9/16 
in. in diameter. Terminals on both 








types are 0.025 hot-tinned copper slot- 
ted to take stranded or solid wire. 
Mounting is by No. 6 holes through 
the centers of bobbins. Instrument Re- 
sistors Co., Little Falls, N. J. 


Speed Reducers 


Requirements for industrial appli- 
cations ranging from 1 to 75 hp. are 
met in a new line of horizontal paral- 
lel shaft type speed reducers called 
“Gearmotors”. Each unit conforms to 


A.G.M.A. standard output speeds and 
application practices. Adaptor cast- 


ings between motor and mechanical 
parts allows the use of standard frame 





motors and, therefore, types of motor 
construction can be changed to suit 
varying service conditions. Gears and 
pinions are of 0.40 to 0.50 carbon 
steel, and are given special heat-treat- 
ment before hobbing. Gears and bear- 
ings are splash lubricated and new 
case design allows oil to circulate 
freely. The Gearmotors also feature 
compactness and improved foundation 
stability through heavy exterior rib- 
bing of the housing at each mounting 
hole. Westinghouse Electric & Mfg. 
Co., East Pittsburgh, Pa. 


Electronic Devices 
For Induction Heating 


High frequency induction heating 
of metal parts for brazing, soldering 
and selective heat treating can be 
done with a line of electronic heat- 
ers which are essentially power oscil- 
lators that convert 60-cycle power to 
high-frequency power at approxi- 
mately 500,000 cycles, The heaters 
are available in two standard sizes, 
one having an output of 5 kw. and 
the other an output of 15 kw. Simple 
circuits are used and the necessary 
tubes, controls and other equipment 
are arranged in compact, inclosed 
cabinets. Attached to the heater is 
a suitable work table with the neces- 
sary water-cooled coils connected to 
the heater terminal. The coils can be 
fabricated in different shapes, de- 





461 








pending on the work to be done. The 
oscillator circuit requires minimum 
adjustment or tuning. The line voltage 
is stepped up by power transformer 
and rectified to direct current which 
supplies the oscillator circuit, con- 


sisting of grid-controlled vacuum 
tubes shunted across a parallel reso- 
nant circuit. The heater coil is con- 
nected in series with the parallel 
resonant inductance by convenient 
connectors, taps being provided to 
give flexibility. A timer in the oscil- 
lator permits the automatic timing 
of heating cycles. General Electric 
Co., Schenectady, N. Y. 


Overheating Control 
For Thermostats 


Simple arrangement, known as 
Dualstat, prevents overheating of 


thermostats. The accompanying illus- 
tration shows a control circuit with 
bimetal as the thermal motor. If the 
control contact sticks and overheating 
starts, the shunting sentinel contact 


-Bimetal control 90F 


‘Bimetal sentine/ 92F 





opens at practically no load to put 
the load through the heater wire, over- 
stress the control bimetal and open 
the stuck contact. Then normal con- 
trol continues without shutdown. 
Valverde Laboratories, 252 Lafayette 


St., New York, N. Y. 


Motor Starter 


High interrupting capacity discon- 
necting type fuses are utilized in com- 
bination with a heavy-duty oil switch 
in the Type H motor starter. This 
unit was developed for both induc- 
tion and synchronous-type motors 
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rated up to 1,000 hp. at 2,300 volts 
and 1,750 hp. at 4,600 volts, 3 phase, 
50 or 60 cycles. Usage covers full or 
reduced voltage starting, dynamic 
braking, reversing and special ap- 
plications. Short circuit protection up 
to 160,000 kva. at 2,300 and 320,000 
kva. at 4.600 volts eliminates the need 
for a backup breaker within these 
ratings. The starter protects motors 
from sustained overloads, locked- 
rotor condition, single phasing and 
cverloading caused by too frequent 
starting by means of an accurately 
calibrated thermal overload relay. Al 
lis-Chalmers Mfg. Co. Milwaukee, 
Wis. 


Aircraft Circuit Breakers 


Additions to the line of 9300 air- 
craft circuit breakers have been made 
in capacities of 80, 90, 100 and 125 
amp. at 30 volts, d.c. These breakers 
may be used for direct control of elec- 
tric motors, lighting circuits, com- 
munication and signal systems or fire- 
control installations. Each breaker is 
calibrated and sealed at the factory. 
Vibration resistance is rated at 10 G. 
and the units will operate when sub- 
jected to ambient temperatures of 
—50 deg. F. to 135 deg. F. Square D 
Co., 6060 Rivard St., Detroit, Mich. 





Steam-Jacketed Strainer 


Liquids that are highly viscous or 
solid at room temperatures can be 
easily handled with a new steam 
jacketed strainer which maintains the 
temperature of the liquids at the same 
level as it is in the piping. Standard 
capacities are 20, 50, 100 and 200 
gal. per min., and pipe sizes are 1l, 
2 and 3 in. The 1 and 2-in., 50.gal. 
capacity units have threaded connec- 











tions, and the 2-in., 100-gal. and 3.in. 
units have flanged connections. Max- 
imum operating pressure is 50 lb. per 
sq. in. at a temperature of 600 deg. 
Е. The jacket is suitable for 125.lb. 
steam pressure. Two inlet and two 
outlet ports are provided for steam. 
line connections. Blackmer Pump Co., 
Grand Rapids, Mich. 


High-Speed Fastening 
For Rolled Sections 


Rapid assembly of conduit, piping 
and wire harnesses in aircraft is possi- 
ble with Speed Nut No. 6337. This fas- 
tening is made of special aircraft 
spring steel with a zinc metal-spray 
finish. It snaps around rolled sections 
or stringers and eliminates the need 
for drilling holes in the structure. As 
the screw in the fastening is tightened, 


the two legs are forced inward to give 
a spring tension grip. It is made for 
8Z and 10Z sheet metal screws and 
designed for use on various sizes of 
“Z” stringers. A similar Speed Nut. 
called No. 6320, is made for beaded 
extrusions. Tinnerman Products, Inc.. 


2041 Fulton Rd., Cleveland, Ohio. 


Inclosed-Motor Line 


Most recent addition to the group 
of Tri-Clad motors is a line of totally 
inclosed units. They are available in 
both polyphase, 60-cycle, induction 
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and single-phase, 60-cycle capacitor 
types and are especially designed for 
use where abrasives, chemicals, rain, 
snow and excessive dirt are encount- 
ered. The polyphase motors are fur- 
nished in frame sizes 203 to 225. They 
include 15, 34 and 1 hp. at 900 r.p.m.; 
3%, 1 and 1% hp. at 1,200 r.p.m.; 
1. 12 and 2 hp. at 1,800 r.p.m.; and 
11 and 2 hp. at 3,600 r.pm. The 
single-phase motors are furnished in 
frame sizes 203 and 204, and include 
% hp. at 1,200 r.p.m.; 1 and 14% hp. 
at 1,800 r.p.m.; and 144 and 2 hp. at 
3600 r.p.m. Mounting dimensions are 
inerchangeable with Tri-Clad open 
motors of the same rating. General 
Electric Co., Schenectady, N. Y. 


Aircraft Relay 


Designed particularly for aircraft 
power circuits is the Bulletin 103 re- 
lay which is intended to perform at 
high values of acceleration of gravity 
and also under conditions of vibration 
and shock. The armature and contact 
assembly are designed to retain either 
position under these conditions. The 
normally open, single-pole contacts 
are rated 25 amp., at 24 volts, d.c., 
non-inductive load, and have good 
characteristics on inductive loads. 
The contact gap and tail spring ten- 
sion are adjustable. Molded phenol 
plastic, measuring 134 x 3% in. forms 
the base. Two holes are provided for 
mounting. Ward Leonard Electric Со., 
Mt. Vernon, N. Y. 
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Manufacturers’ Publications 








Transmission—Reeves Pulley Co.. 
Columbus, Ind. Catalog TR-432, 16 
pages. Engineering data and rating 
tables necessary for the selection of 
the proper size unit are included in 
the complete description of the com- 
pany’s variable-speed transmission. 


Charts and Rules—lIndustrial En- 
gineers Specialties Division, Universal 
Engraving & Colorplate Co., 1919 E. 
19th St., Cleveland, Ohio. Bulletin, 
8 pages. Radius charts and projector 
rules made of plate glass are de- 
scribed. 


Induction Heating—Van Norman 
Machine Tool Co., Springfield, Mass. 
Bulletin, 8 pages. Scope, possibilities 
and advantages of induction heating 
are briefly set forth along with de- 
scriptions of the company’s heating 
units. 


Magnet Core—Westinghouse Elec- 
tric & Mfg. Co., East Pittsburgh, Pa. 
Booklet B-3223, 12 pages. Special 
qualities of Hipersil electromagnet 
cores are covered. 


Joining—Handy & Harman, 82 Ful- 
ton St, New York, N. Y. Bulletin, 4 
pages. Design of low-temperature, 
silver-alloy. brazed joints, including 
examples of good and poor design is 
given. 


Relay —R. W. Cramer Co., Center- 
brook, Conn. Bulletin 800, 4 pages. 
Descriptions, wiring diagrams and 
housing dimensions are given for syn- 
chronous-motor driven time delay re- 
lays. 


Finishes—Enthone Co., Dept. PE, 
New Haven, Conn. Bulletin, 8 pages. 
Ebonol processes, and their character- 
istics, for blackening aluminum, iron 
and steel, copper and zinc and their 
alloys are described. 


Control—C. J. Tagliabue Mfg. Co., 
Park and Nostrand Aves., Brooklyn, 
N. Y. Catalog 1200, 40 pages. Com- 
prehensive presentation of three types 
of Tag indicating and recording con- 
trollers—on-off, throttling and auto- 
matic reset — for temperature and 
pressure. 


Bearings— Miniature Precision Bear- 
ings, Keene, N. H. Bulletin 43, 4 
pages. Company’s line of radial and 
pivot type bearings from 14 to Ys in. 
o. d. in both steel and non-magnetic 


beryllium is described. Tabulation 
gives dimensions and load ratings at 
varying speeds for each size and type 
of bearing and shows them in actual 
size. 


Instruments—Wheelco Instruments 
Co., Harrison and Peoria Sts., Chi- 
cago, Ill. Catalog Z6200, 16 pages. 
Descriptions of all the company’s in- 
struments are presented in brief form. 


Studs—Dardelet Threadlock Corp., 
2832 E. Grand Blvd., Detroit, Mich. 
Folder, 4 pages. Presents test results 
of the American National Dardelet 
threaded aluminum studs. 


Aireraíft Equipment—Adel Preci- 
sion Products Corp., Burbank, Calif. 
Catalog, 55 pages. Standardized air- 
craft hydraulic and anti-icing equip- 
ment made by the company are fully 
described in both words and illustra- 
tions, including “slip-under” sheets. 


Tubing—Wolverine Tube Division, 
Calumet & Hecla Consolidated Copper 
Co., 1411 Central Ave., Detroit, Mich. 
Catalog E-1, 28 pages. Description of 
the Wolverine process of tube spin- 
ning, by which the ends of tubes are 
specially formed, is presented. 


Panel Board— Square D Co., 6060 
Rivard St., Detroit, Mich. Bulletin 
2500, 12 pages. Saflex power distri- 
bution panels for interchangeable 
switch units are described in detail. 


Transformers—Acme Electric & 
Mfg. Co., Cuba, N. Y. Bulletin 160, 
6 pages. Specifications and dimen- 
sions of single-phase, 60-cycle, air- 
cooled transformers are presented in 
tabular form, along with outlines and 
examples of applications. 


Synthetic Rubber—United States 
Rubber Co., 1230 Sixth Ave., New 
York, N. Y. Booklet, 40 pages. The 
five commercial types of synthetic ru^»- 
ber are fully described in non-techni- 
cal manner from the standpoint of 
their manufacture, characteristics and 
properties. 


Springs— Mid-West Spring Mfg. Co., 
4262 S. Western Ave. Chicago, lll. 
Manual, 40 pages. Formulas for de- 
sign of compression, extension, tor- 
sion, flat spiral and flat springs are 
given; wire forms, diagrams, tables 
and illustrations are included. 
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